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SHARON” DEVELOPED SPECIAL STEEL 
MAKES TELEPHONE BELLS RING TRUE 


Ny alelaiele( mol magiiiae] Muloli-telel Melai-ta) ringing tone. That is until Sharon 
force the use of substitutions. This ~ Steel was asked to develop a steel 
happened in the telephone indus- of a temper that could be formed 

try, where recently a manufacturer into bells with the required tone. 
of phone bells — cut off from his Sharon engineers went to work and 
supply of copper and brass—began in a short time developed a steel 
looking for a suitable replacement. that fills the bill so effectively it -is 
Steel was still on the unrationed expected to become standard re- 
TES Oi ol) MM ol JC MR fol gaal-to Mo) Moh Zell (ol o)(- gardless of the availability of the 
steel didn’t produce the required materials formerly used. 


*Specialists in STAINLESS, ALLOY, COLD ROLLED and COATED Strip Steels. 


SHARON STEEL CORPORATION 
Sharrow, Peenntyloasia 


DISTRICT SALES OFFICES: CHICAGO, ILL., CINCINNATI, O., CLEVELAND, O., DAYTON, 

O., DETRO\T, MICH., INDIANAPOLIS, IND., MILWAUKEE, WIS., NEW YORK, N. Y.,, 

PHILADELPHIA, PENNA., ROCHESTER, N. Y., LOS ANGELES, CALIF., SAN FRANCISCO, 
CALIF., MONTREAL, QUE., TORONTO, ONT 


For information on Titanium contact Mallory-Sharon Titanium Corp., Niles, Ohio 
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her well-known mfgs. 
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° STEM TURNS 


Free flow capacity of the Ross Speed 
Control Valve is 25% To 125% GREATER. 
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Flex-o-Tube Hose, and cross section of 
machined male fitting. 


...finds brass makes fine fittings 


Cross Section of machined and flared 
female fitting. 








For quick, accurate and economical machining, 
free-cutting brass rod is preferred by many 
companies, such as Flex-O-Tube, Division of 
Meridan Corporation, Detroit, Mich. This com- 
pany makes hose assembiies and fittings to con- 
duct air-oil-water-gasoline and hydraulic power 
for the automotive, farm implement, machine 
tool and aircraft industries. Some of these hoses 
have a minimum bursting pressure of 20,000 
pounds per square inch, which gives an indica- 
tion of the tightness required, which can be 
obtained oniy by strength and accuracy. 
Flex-O-Tube has found six points of superiority 
for brass over other metals, as follows: 


1. Brass “flows,” or is ductile, so that no cracks 
result during the crimping operation required 
to fasten the fittings to the hose. 

2. Ductility and strength inherent in brass act 
to provide a superior seat to fittings designed to 
control fluid flow. Competitive metals are either 
too hard or too soft to give positive closing and 
tend to leak. 

3. Where the design of the fitting is intricate, 
necessitating removal of considerable metal by 
machining, the automatic screw machines can 
be run faster with free-cutting brass rod. 

4. Brass has a high scrap value, and the scrap 
sold back to the mill increases bras: supplies. 
5. The break-even point between brass and 
other metals is especially favorable to brass in 
the sizes of rod that Flex-O-Tube buys. 


6. Customer preference is for brass, which is 
universally recognized as a quality metal. Hence 
brass fittings are more readily sold, and in fact 
often are specified regardless of size or price 
differentials. 


included in the Flex-O-Tube operations are 
machining, flaring, crimping, and annealing 
to assure the proper ductility for flaring and 
crimping. 

Revere is an important supplier of brass rod to 
Flex-O-Tube, and has also collaborated with this 
customer through the Revere Technical Advisory 
Service. 


If you wish information about brass and how one 
or more of the Revere brasses can add to the 
economy and saleability of your product, get in 
touch with the nearest Revere Sales Office. See 
your telephone directory or write direct. 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills: Baltimore, Md.; Chicago and Clinton, I/1.; Detroit, Mich.; 
Los Angeles and Riverside, Calif.; New Bedford, Mass.;Rome,N. Y. 
Sales Offices in Principal Cities, Distributors Everywhere. 


SEE REVERE’S “MEET "HE PRESS” ON NBC TELEVISION EVERY SUNDAY 
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Small Rivets for Big Jobs by Robert M. Gordon ; 
Strength, production, and assembly factors affecting tubular and semi-tubular rivet selection. 


Motors and Gear Trains for Automatic Control Systems by Abraham M. Fuchs . 
Design procedure for matching the motor to the load through a suitable gear train. 


Selecting the Right Plain Bearing Lubricant by B. M. Dunham 


Factors influencing the selection of lubricating oils for plain bearings. 
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Underwater camera; Automatic sewing machine; Tapered rotor supplies built-in motor beahe. 


Fatigue Testing—Its Machines and Methods >y T. R. Breunich Soe ae 


Types and principles of operation of resonant universal, semi-special and oscillator testers. 


Factors of Safety in Tolerance Specifications by Nelson G. Meagley , 155 
Use of statistical methods for exercising precise dimensional control of interchangeable paris 


Significance of Laboratory Tests for Ball and Roller Bearing Greases by H. A. McConville 160 
Effectiveness of tests in measuring mechanical and chemical stability of greases. 


Compound Characteristics from Shunt Wound Machines by H.D. James .... . . 164 
Magnetic amplifier compounding of shunt wound machines for constant speed or constant load 

Colored Silicone Finishes by £. Miller and M. A. Glaser . 167 
Pigmentation reduces heat resistance only slightly and greatly extends fields of use. 

Solenoid Operated Shutoff Valves for Aircraft Hydraulic Circuits by Kendall Jones 
Circuit and service considerations that influence valve selection and application. 

Modern Continuous Cast Copper Alloys by J. L. Kimberly . . — 
Here's what can be expected in the way of physical and mechanical properties. 


Simple Method of Determining Ratios in Planetary Gear Trains by Sigmund Rappaport 
Eliminates blind substitution. Gives qualitative plus quantitative understanding of the train 


Typical Uses of Electric Heating Elements ieee 

Illustrates approved methods of electrically heating liquids, gases, machine parts aed process equipment 
Contactor Amplifiers for Automatic Control by Sidney Davis 

Analysis of two modes of relay operation as an amplifier; factors in selecting relays 


Dimensional Allowance Charts for Helical Wire Springs by Victor Tatarinoy 
Shows how load and deflection characteristics vary for small changes in wire and coil Sissies: 
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aii Your Motors 
~— fae ( Are No More Dependable 


than Their Capacitors 





New Design Saves 20% 
in can sizes. 


° . ‘ ‘ : - This new design—Series 35 
Not a single field reject since we first started production has a new type mounting bracket 


of motor running capacitors! When we say “C complete Depend- and a new end cap arrangement 


. °° . that saves 20°, in can sizes. It 
ability’, we mean just that. @ in can sizes. I 
: is another example of how 


This hind of performance is the result of rigid specifications anery's design and devtep- 
. 4 : > ‘ ment staf] is constantly working 

on the special dry ty pe foil and premium quality paper which to improve our productand yours. 

form the heart of the capacitor. Impregnated with non-inflam- 

mable Mallotrol “A, high dielectric strength and exceptional 

stability are assured. Silicone terminal bushings contribute to 

high insulation resistance and low power factor. 











The most modern production facilities ... controlled atmos- 
phere ...new manufacturing techniques... quality control 
specialists that check every operation... 100 percent inspec- 
tion of every unit for voltage breakdown, capacity and oil leak- 
age—these are more reasons why Mallory capacitors are 
completely dependable. 


Expect more... 


Get more fi 
Mallory capacitors—on your motors—mean trouble-free per- vet more from 


formance under the most difficult conditions. Write us today Do ALL ORY 8 CO ine | 
for more information. MALLO RY 





M P.R.MALLORY & C2. Inc SERYING INDUSTRY WITH THESE PRODUCTS: 


. Electromechanical — Resistors * Switches * Television Tuners * Vibrators 
A L i 0 R Electrochemi:v:al—Capacitors « Rectifiers * Mercury Dry Batteries 


Metallurgical —Contacts* Special Metals and Ceramics * Welding Materials 





INDIANAPOLIS 6, INDIANA 
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When requesting further information from companies and organiza- 


tions mentioned in the items below, confusion can be avoided by 


ieblichts 


referring to the issue of Product Engineering in which items appear 





NONMETALLIC MATERIALS 


GREATER ABRASION RESISTANCE and high 
resistant to attack by ozone are promised for 
rubber products. Dupont chemists new rubber- 
like material "Hypalon" is 

2? 2 yesy ~=highly resistant to attack by 

» ES ozone, aprimary cause of de- 

to air. When compounded with 

rubber it imparts its ozone re- 

Co. Buffalo, NY. has made GR-S synthetic rub- 
ber extra tough by adding resin chemicals to it. 


+ terioration of rubber exposed 
iw 

— sistance to it. U.S. Rubber 

30 percent more abrasion resistance is forecast. 


A PLASTIC RESIN THAT BONDS ALUMINUM 
alloy is providing a greater strength and a 25 
percent reduction in weight compared with weld- 
ed and riveted structures in jet aircraft. Called 
Redux, and being handled by Ciba Co. Inc., the 
resin is a recent development of England. Smooth 
external surfaces, increased fatigue strength, 
anda reduction of production assembly time are 
claimed for the resin. 


AN EASY-TO-HANDLE silicone rubber that 
bends without cracking at -120 F has been de- 
veloped by GE. Called SE-550 
the rubber can be made into 
gaskets, seals and wire in- 
Sulation for use in aircraft and 
ground equipment for the 
arctic region. The substance 
resists heat to 500 F and can 
be milled and extruded into parts that are both 
precise and intricate in shape. 


POLYETHYLENE TEREPHTACATE called 
"Mylar" is a new and promising dielectric in 
film form. Developed by E. I. Dupont and in- 
vestigated by Bell Telephone engineers, Mylar 
is superior to paper as the dielectric in electrical 
capacitors because of higher insulation resist- 
ance, temperature coefficient of capacitance and 
operating temperature range. Mylar is unusually 
strong, has a high softening temperature, and is 
available in very thin films. 
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SYNTHETIC LUBRICANTS that will be used in 
lubricating the aircraft turbine engines of the 
future are not as good today as they could be, 
NACA scientists report. The effects of a wide 
range of sliding velocities on boundary lubrica- 
tion of synthetic fluids were studied. Friction 
data and surface-failure properties showed that 
a silicone diester blend, an alkyl silicate ester, 
and a compounded diester were more effective 
than the comparable diester presently being 
used for synthetic lubricants. 


METALLIC MATERIALS 


RESISTANCE TO 58 PERCENT SULFURIC acid 
at a temperature of 158 F is claimed for a new 
corrosion resistant stainless steel. Known as 
Carpenter Stainless No. 20; the rods have been 
in use for 3,750 hr. Stainless Type 316, under 
similar conditions, lasted about 30 hours. Test 
specimens were 1/2-in. square rods. 
HARD FACING ALLOY that is resistant to abra- 
sion at high temperatures, has ability to with- 
oi stand attach by molten copper 
vas 2 and improved welding charac- 
Yj teristics are claimed for CM- 
199. Coast Metals Inc, Little 
\ Ferry, -N.J., further report 
p that it can be applied with any 
good arc welding process, will 
weld over itself and other ferrous materials 
without cracking, checking or becoming porous. 


SUPER-HARD SURFACE by the action of nitrogen 
with steel can be produced according to Lindberg 
Engineering Company, Chicago, Il. Known as 
Malcomizing, the process takes advantage of the 
chromium in the various grades of stainless as 
the hardening element, thus forming a hard wear- 
resistant surface without affecting the corrosion 
resistance of the steel. 


HIGH DENSITY METAL using tungsten as its 
major constituent and having a specific gravity 
50 percent greater than lead is a development of 
Metal Carbide Corp, Youngstown, Ohio. High 


continued on page 7) 


5 





nd 


STRAIGHTEN and QUENCH: 
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The new No. 140 Rolling 
Quench Machine is specif- 
ically designed to do 
two operations at once. 
Straightens and quenches 
shafted parts simultane- 
ously. Shafts up to 4° 
diameter and 40’ long are 
quenched and straightened 
with a minimum of distor- 
tion. Ideal for job lots or 


high production. 
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GLEASON WORKS 


BUILDERS OF BEVEL GEAR MACHINERY FOR OVER 85 YEARS 
1000 UNIVERSITY AVE.-ROCHESTER 3, NEW YORK 
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resistance tothe penetration of radioactive rays 
fits it for use in screening atomic radiation. The 
metal is also suited for static and dynamic bal- 
ancing and for applications requiring maximum 
weight in minimum space such as for flywheels 
and other inertia devices. 


RATE OF WEIGHT LOSS of steel corroding nor- 
mally in soil can be measured electrically wtth- 
out santa weighing the metal. Some National 
Bureau of Standards tests 
prove that the corrosion rate 
of a tank or other underground 
structure can be determined 
without visual inspection. The 
electrical method also meas- 
ures the present corrosion 
rate, more important than the past rate, and 
does so without the removal of any inhibitor on 
the underground structure. 


PROCESSES 


DOMONSTRATION of a series of new welding 
materials and advanced welding techniques for 
arc and torch will be made in the near future by 
the Electric Welding Alloys Corp, Flushing, N.Y. 
Organic bonding agents that join metal to metal 
and to dissimilar materials at extremely low 
heats, or no heat, and without pressure will be 
shown. These products have been used for the 
bonding of titanium to magnesium to aluminum, 
and of these to glass, graphite, copper, rubber, 
asbestos, cast iron, ceramics and some plastics. 


COLD-DIP corrosion protection with coatings 
from 0.001 in. to 0.060 in. has been developed. 
R.M. Hollingshead Corp, Camden, N.J., reports 
that a plastisol composition 
heated to 300 F is used and the 
item dipped into the solution. 
The amount of deposit is con- 
trolled by rate of withdrawal 
and by the temperature of the 
item being coated. For any 
specific plastisol, the coating thickness can be 
varied by slowing down the withdrawal rate or by 
utilizing more than one dip. 


REMOVAL OF CUPROUS OXIDE after high tem- 
perature treatment without using an acid that 
attacks the base metal has been developed by 
Enthone Inc. New Haven, Conn. Ebonol "C" 
is used to convert the cuprous oxide to cupric 
oxide and this is removed by a dilute acid solu- 
tion. If the oxide is heavy, the cycle can be re- 
peated until the base surface is exposed. 
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RADIOACTIVITY METHODS have accelerated 
research on semi-conductor materials used in 
transistors. Sylvania Electric Products Inc., 
Bayside, N.Y. in cooperation with Brookhaven 
National Lab, Upton, L.I., N.Y. state that the 
electrical properties of germanium and other 
semi-conductor materials are dependent upon 
presence or absence of certain impurities. In 
processing, the material is first purified toa 
very high degree, then, in a controlled fashion, 
those impurities whose presence is desired are 
added. The amounts added are determined by 
standard methods of measuring the intensity 
and rate of decay of radioactive emission. 


THE FIRST LARGE EXTRUSION PRESS is ex- 
pected to start operation about June of 1953. The 
press, located at Alcoa's Laf- 
ayette Ind. plant, is rated at 
13,200 tons and is capable of 
producing solid shapes 90 ft 
long, weighing 2,300 lb and 
with maximum cross-section 
that fits within a 23-in. circle. 
75 S alloy ingots have been cast for extrusion in 
this particular piece of press equipment. 


COMPONENTS 


VACUUM CLIPPER DIODE AND RECTIFIER 
tube, 2 in. long and3/4-in. QD, is available from 
Amperax Electronic Corp., Hicksville, L.I., 
N.¥. Developed primarily for military radar 
applications, it shows possibilities for use in the 
high voltage electronic field where space re- 
quirements are critical. The diode operates 
under more stringent conditions than other tubes. 


STANDARDIZED CIRCUITRY "PACKAGES" plug 
in for use in construction of electronic computers 
have been developed by the National Bureau of 
Standards. The improved system of circuity is 
for standardization of equipment to be purchased 
by the government. 


INSULATION AGAINST HEAT with potential ap- 
plication in fields where heat and limited insula- 
tion space are factors is under 
development at the G.E. re- 
search laboratory. The insula- 
tion is reported to be 10 times 
as efficient as any now is use. 
Aprototype, XR-10, of thenew 
thermal barrier uses walls 
only 1/2 in. thick as compared to normal thick- 
nesses of about 2 1/2 inches. 


continued on page 9) 
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IN SALT SPRAY 
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SALT SPRAY TESTS SHOW CORROSION RESISTANCE 


Panel of bare 24ST Aluminum, un- 
treated. Extensive corrosion after 
168 hours in salt spray. 


Panel of bare 24ST Aluminum, 
treated with Bonderite 710. No 
corrosion after 168 hours in salt 
spray. 


Panel of bare 24ST Aluminum, 
treated with Bonderite 710. In 
excellent condition after 1008 
hours in salt spray. 


ALUMINUM gets increased corrosion resistance, 
greater durability for paint, with BONDERITE 71 0 


Here’s the surface treatment that 
practically ends the problem of 
corrosion on aluminum. Even on 
high-strength alloys, most suscepti- 
ble to corrosion, Bonderite 710 
protects bare metal for amazingly 
long periods without failure. Its 
performance as a base for paint is 
outstanding. 

Bonderite 710 produces an amor- 
phous chromate ccating on alumin- 
um surfaces. It can be applied by 
spray, immersion, or brush, on 
sheets, castings, forgings and ex- 
truded and rolled forms. It operates 


FIRST SINCE 1915 


RUST PROOF COMPANY 


2179 E. MILWAUKEE, DETROIT 11, MICHIGAN 


at low temperatures and is sludge- 
free. 

Bonderite 710 is a liquid—safer 
and easier to handle, easier to use, 
more positive in results. 

This product's performance equals 
(exceeds, in most important require- 
ments) the government specifica- 
tions for chemical treatment of alu- 
minum and its alloys. 

For bare corrosion resistance, or 
as a corrosion-resistant base for 


paint, investigate Bonderite 710 for 

aluminum. SEND FOR FREE TECHNICAL 
BULLETIN— Write today for FREE 
illustrated bulletin on “Bonderite 
710 for Aluminum”. 


BONDERITE—corrosion resistant paint base 
BONDERITE and BONDERLUBE—aids in cold forming of metals 


PARCO COMPOUND —rust resistant 
PARCO LUBRITE—wear resistant for friction surfaces 


*Bonderite, Bonderlube, Parco, Parco Lubrite—Reg. U.S. Pat. OF. 
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ELECTRIC MOTORS OF ULTRA SMALL SIZE 
are being produced to meet military specifica- 
tions. The Connecticut Tele- 
phone and Electric Division, 
Meriden, Conn., class these 
motors as the smallest and the 
most powerful ever built. They 
can maintain. synchronous 
speeds of 8,000 and 12,000 re- 
volutions per minute. Two models of this ingen- 
ious design are available. 


NEW TRANSDUCERS that use electro-kinetic 
streaming potential phenomenon have been de- 
veloped for the measurement of pressure, ac- 
celeration and displacement. According to the 
Beta Corporation, Richmond, Va, they have sen- 
sitivities comparable to piezoelectric devices 
but have lower resistive output impedance at low 
frequencies giving a superior signal-to-noise 
ratio. Transducers have linear amplitude ranges 
of 1,000,000: 1 and a useful frequency range 
from 0.5 cps to 30 kc. Among new applications 
are differential gages and hydro-phones. 


mrmqaryy NG 
4 
rESTING 


TESTS made on experimental quantities of three 
aluminum alloys M255, M257 and M276 indicate 
that a wide range of parts can be made by the 
powder metal technique. These Alcoa alloys 
have good strength and stability, and aresistance 
to creep at elevated temperatures. Oxidation 
appears tocontribute to the strength of the final 
product. M257 shows superiority to the com- 
mercial wrought alloys at about 500 F and this 
continues with increasing temperature. Pro- 
posed applications include diesel and aircraft 
pistons, valves to control the flow of hot gases. 


ULTRASONIC TESTING of small diameter thin 
wall tubing to locate flaws has been successfully 
accomplished. GE's Knolls Atomic Power Lab- 
oratory, Schenectady, reports that the testing 
is feasible when the shear wave is parallel to the 
longitudinal axis of the tubing. Best results are 
obtained with a one mc, one in. quartz crystal, 
angle searching unit. 


AIRCRAFT RESEARCH INSTRUMENTS for the 
measurement of pressure have been developed 
by the Research Division of Langley Aeronautical 
Labs, Va. One is a miniature electrical pres- 
sure gage with accuracy within less than one per- 
cent for fluctuating and steady state pressures. 
The second is an instrument designed to measr 
ure pressures and integrate the results electri- 
cally. Former practice was manual integration. 


NEW TEST for corrosion gives good average 

results and correlation with actual conditions. 

A test specimen either indent- 

ed or scratched, states the 

Galn British Iron and Steel Re- 

search Association, is expos- 

wah / : ed to a dilute solution of sul- 

AV phur dioxide inside a covered 

beaker. Moisture is produced 

by an electric heater and cooling coil. The test 

seems to simulate attack or metal by industrial 
atmosphere better than the salt-spray test. 


A 100-FT DROP TESTER now in operation at the 
National Research Laboratories, White Oak, Md. 
can simulate a free fall up to 100 ft at accelera- 
tions of 50 to 250g. The device requires only 10 
ft vertical clearance, and because of its own 
base plate, does not have to be secured to the 
floor. Design is available to military con- 
tractors for quality control use. 
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THIS MONTH’S COVER 


The Wright Turbo-Compound engine, conservatively rated at 3,500 
hp for military service and 3,250 hp for commercial aircraft, has three 
auxiliary turbines, each of which extracts energy from the exhaust gases 


from six of the eighteen cylinders. 


The power recovered, averaging 18 


percent or more for all ranges of flight conditions, is transmitted from the 


turbine wheel shaft and quill shaft through a fluid coupling 


to a set of 


bevel gears, and from there to the main crankshaft gear. 

Although it has been in production for the Lockheed Super Constella- 
tion and numerous other aircraft, and is scheduled for the Douglas DC-7, 
the military classification on internal details has just been relaxed. 
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PROBLEM: 





Obtain higher electrical conductivity without increasing 
the cross-sectional area of spring blades 


SOLUTION: 


General Plate provided the solution with BRONCO... 
a composite metal 





PHOSPHOR 
BRONZE 


COPPER 


PHOSPHOR 
BRONZE 


Increased conductivity of spring blades in 
a time switch was recently required by a 
manufacturer of demand meters. Operating requisites were 
high conductivity, excellent spring properties and small 
cross-sectional area. 

General Plate provided the solution with BRONCO, phos- 
phor bronze double-clad on copper. The phosphor bronze 
makes an excellent spring member; the copper gives increased 
conductivity. BRONCO 25/50/25 provides an electrical con- 
ductivity of 55% compared with solid copper. 

BRONCO permits miniaturization. It permits you to 
make smaller units because you can reduce spring size with- 
out sacrificing conductivity. 

No matter what your problem, it will pay you to consult 
with General Plate. Their vast experience in bonding any 
combination of malleable metals can overcome your prob- 
lems ... often reduce costs. 

General Plate products include ... precious metals clad 
to base metals, base metals clad to base metals, thin- gauge 
rolling, composite contacts, buttons and rivets, Truflex® ther- 
mostat metals, A/cup/ate®, platinum fabrication and refining, 


#720 manganese age-hardenable alloy. Write for complete METALS & CONTROLS CORPORATION 
information and Catalog PR700 today. GENERAL PLATE DIVISION 


13 POREST STREET, ATTLEBORO, MASS. 


You can profit by using 
General Plate Composite Metals! 
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Yes, SHOT-PEENED rollers add 


fatigue life to your roller chain 

















...just one of the extra- 
life features you get with 


every LINK-BELT Roller Chain 


HETHER it's for drive or conveyor service, every Look for the distinguishing darkened 
Link-Belt Roller Chai ite ait : - ed rollers. Thousands of tiny steel balls 
-ink-Belt Roller Chain gives you a performance hontemee thn taatthen"eehl eunil” an 
bonus. In addition to shot-peened rollers, lock-type roller . . . pay off in extra fatigue life 
tiabais hells comecion ishetand shock loading added ability to withstand shock 
bushings multiply capacity to withstand shock loading. oad impact. 
And closer heat-treat control, rigid testing and thorough 
inspection pay off in greater uniformity . . . extra years 
of life. Link-Belt Precision Steel Koller Chain is built in 


single or multiple widths, +g” through 3” pitch. Double 4 y 
pitch 1” through 3”. A call to your nearby Link-Belt 
office will bring you prompt, expert service. Send for 


Engineering Data Book No. 2457. ROLLER CHAIN & SPROCKETS 


LINK-BELT COMPANY: Plants: Chicago, Indianapolis, Philadelphia, Colmar, Pa., Atlanta, Houston, Minneapolis, San Francisco, Los Angeles, Seattle, 
Toronto, Springs (South Africa), Sydney (Australia). Sales Offices, Factory Branch Stores and Distributors in Principal Cities. 
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From the experience of building i Y 


NEARLY 8,000,000 


get the most 


bor your 


Linc 


Die Casting 


In building nearly 8 million washers 
since 1907, The Maytag Company 
has always maintained dependability 
through top quality. The Maytag 
Master model of the wringer-type 
machine, first built in 1939, has always 
utilized ZINC Die Cast operating com- 
ponents and those in the current model 
typify the advantages of this metal 
and method of- production. 
ECONOMICAL, TROUBLE-FREE ASSEMBLY 
Examine these six ZINC Die Castings 
from the standpoint of complexity of 
shape and you will realize why, by 
any other means of manufacture, a 
greater number of parts would be re- 
quired to serve the same purpose. An 
absolute minimum of machining is re- 
quired to prepare these castings for 


assembly and their dimensional accu- 
racy assures perfect fit every time. 
STRENGTH AND BEAUTY 
The unusual castability of ZINC Alloy 
permits section thickness to be varied 
in proportion to the stresses imposed. 
Thus, these castings are thick only at 
vital points, to provide maximum 
strength with a minimum amount of 
metal. From an appearance stand- 
point, the smooth as-cast surfaces of 
the ZINC Die Castings are economi- 
cally finished with a beautiful baked 
white enamel. 

In selecting a die casting alloy there 
are many factors—both physical and 
mechanical—to be considered in addi- 
tion to the base price of the metal. 
isk any commercial die. caster about 


ey 


the advantages of ZINC Die Castings 
—or write to us. 


The New Jersey Zinc Company, 160 Front St., New York 38, N. Y. 


Se oSy FOR DIF CASTING ALLCYS 








The Research was done, the Alloys were developed, and most Die Cestings are based on 


HORSE HEAD SPECIAL (viwwacy) ZINC 
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€ No ONE chain serves every purpose) 





LINK-BELT offers the right chai 


Equally important is your assurance that amy 


— engineered for chain with the Link-Belt name will give you 


longer chain life. Accurate control of raw mate- 
° : 
our re urements rials and processes . . . plus manufacturing re- 
(j finements add up to the highest standards 
LINK.BELT COMPANY: Chicago 9, Indianapolis 6, Phila- 
delphia 40, Atlanta, Houston 1, Minneapolis 5, San Fran- 


, a = , cisco 24, Los Angeles 33, Seattle 4, Toronto 8, Springs 
Don’t settle for a “cure-all” chain to handle (South Africa), Sydney (Australia). Offices, factory branch 


every job. Different types of chain have differ- “tres 4nd distributors in principal cities — 
ent characteristics. That’s why Link-Belt makes " 

a complete line of chains. Our engineers can rec- io, e 

ommend the correct type of chain to fit your @. 
particular needs . . . the one that does your 5 
job best. 








Uniform end products are the 
result of this L-B double-strand, 
long-pitch, steel strap-link 
chain conveyor carrying 3000- 
lb. coils through rod baker. 


Typical chains from 
the complete ~ 
LINK-BELT 
linet t, 


~y 


Class SS bushed roller Class C combination Class SS bushed roller Tiansfer chain with tilting 
chainwith straight sidebars chain — popular, durable, chain with offset sidebars dogs—for plate and slab 

for practically any con- low cost design for eleva- —for heavy drive service stavel, loads up to 300,000 
veying or elevating service. tors and conveyors, at moderate speeds pounds. 
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LINER OF 
DUPONT NYLON 


Liner molded for 
Universal Controls Corp., 
Dallas, Texas 





RIC us pat OFF 
BETTER THINGS FOR BETTER LIVING 
--» THROUGH CHEMISTRY 


Polychemicals 


DEPARTMENT 


PLASTICS « CHEMICALS 





Insulating liner lengthens 
life of gas and water 
pipe systems 


A big problem affecting the life of underground gas 
or water pipes is electrolytic corrosion. It may be 
caused by contact between dissimilar metals or by 
stray electrical currents. Such corrosion can cut 
pipe life in half. 

To solve the problem, Universal Controls Corp- 
oration designed a special nut to join the pipeline 
with the gas or water meter. It consists of an outer 
steel shell fitted with a threaded liner of Du Pont 
nylon plastic. The nut breaks the conductive circuit 
formed by the pipe and prevents the flow of cur- 
rent. Its success depends on a liner material that is 
non-conductive and provides a year-round, leak- 
proof mechanical joint. 

Du Pont nylon has the electrical properties to 
furnish the needed insulation. Its resiliency and 
strength give a good mechanical joint winter and 
summer. And nylon’s toughness and abrasion re- 
sistance provide long, trouble-free service. In use, 
the nut increases pipe life . . . often doubles it. 

This is another of the over 800 examples where 
Du Pont nylon is contributing economy plus im- 
proved performance in industrial parts. Du Pont 
nylon is unaffected by temperatures up to 250°F., 
requires little or no lubrication in many moving 
parts, resists chemical attack, absorbs shock. Per- 
haps it can help you improve or develop a product. 
For full information on nylon and other Du Pont 
plastics, write: E. I. du Pont de Nemours & Co. 
(Inc.), Polychemicals Department, Room 103, 
Du Pont Bldg., Wilmington 98, Delaware. 
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1 HERES PROOF 


—It Pays to See the G.T. M. with your 
GOODYEAR m 
INDUSTRIAL RUBBER PRODUCTS design problems! 


@®- Specified Ix designing its revolutionary new Gwaltney Spinning Frame, 

COMPASS-V-STESI Bolts for Saco-Lowell Shops turned to the G.T. M.—Goodyear Technical 

Saco-Lowell Gwaltney Spinning Frames Man—for help in specification of V-belts to power the drive, 
and to maintain center distances between the pulleys. 


The G.T.M. recommended Compass-V-Steet Belts — built 
around a strength member of airplane-type high tensile steel 
cables. These belts give the manufacturer a wide range of 
Compess- available speeds, negligible slippage, minimum stretch and 


V-Steel long life. 
Matched 


Sets of Belts The G.T.M. can help you in product design, too, wherever 
rubber in any of its forms can be used. You can reach him 
by writing Goodyear, Mechanical Goods Div., Akron 16, Ohio. 











YOUR GOODYEAR DISTRIBUTOR can quickly supply you 
with Hose, Flat Belts, V-Belts, Packing, Tank Lining, 
Rubber-Covered Rolls. Look for him in the yellow 
pages of your Telephone Directory under “Rubber 
Products” or “Rubber Goods.” 











= 


GOOD, AR 


THE GREATEST NAME IN RUBBER 


We think you'll like “THE GREATEST STORY EVER TOLD'*— every Sunday — ABC Rodio Network —THE GOODYEAR TELEVISION PLAYHOUSE—every 


ther Sunday—N 
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Eaton Permanent Mold 
Gray Iron Castings- 


Send for your free copy of the 32-page illustrated booklet: 
“The Eaton Permanent Mold Foundry.” It tells the story of 
Permanent Mold Castings and takes you on a picture-tour of 
the Eaton Foundry at Vassar, Michigan. 


EATON MANUFACTURING COMPANY 
General Offices: CLEVELAND, OHIO 
FOUNDRY DIVISION: 9771 FRENCH ROAD-+ DETROIT 13, MICHIGAN 


@&) PRODUCTS: Sodium Cooled, Poppet, and Free Valves « Tappets « Hydraulic Valve Lifters e Valve Seat Inserts » Jet 
Engine Parts « Rotor Pumps ¢ Motor Truck Axles ¢ Permanent Mold Gray Iron Castings + Heater-Defroster Units « Snap Rings 
Springtites e Spring Washers e Cold Drawn Steel « Stampings « Leaf and Coil Springse Dynamatic Drives, Brakes, Dbynamometers 
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*R- ROOT 


Here’s a counter whose * “<eount-ability” revs, strokes, pieces, Or what do you want to 
challenges your imagination. For this count? Write: 

counter records, on a separate counting unit, 

the production of 1, 2, 3, or more shifts. The VEEDER-ROOT INCORPORATED 
additional 4th unit can be used as a run or “The Name That Counts” 

batch counter. These Veeder-Root 2-3-4 HARTFORD 2, connecticut 
Convertible Shift Counters are applicable New York 19, N.Y. ° Chicage 6, Wt. ° Greenville, $. C. 
to a wide variety of production machines, to montreal 2, conade * Dundes. Scotlond ff 


count in practically any unit desired . - Offices and Agents in Principal Cities Xie 


Pr 
qqauc + cel \ ] 
du t ] ngince I larc l, ) 





Standard AP drip-proof motor with special 
long shaft extension. Standard features in- 
clude double shielded ball bearings and all 
cast-iron frame. Other types of bearings 
available at no extra cost, 


Send for Free Engineering Literature 


Motors (] Reduced-voltage Starters......--c.c-...---Ll4B7215 
(.] Handy Guide to Motor Selection............51B6052 
[] Squirrel-Cage Motors imnn_, nae 7 

Texrope Drives 


Control ([] Handy Guide to Texrope Drives 20B6051 
[] Across-the-line Starters........... seseeeeeeee 47132 [] Vari-Pitch Drive Engineering Data... 20B7499 


COMPLETE SERVICE {10 power line to machine 


ra 


Transformers : Motor Tl (ae Texrope 
—. Control Drives 
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Special 36-volt de motor built for large 
lift truck manufacturer. Weight and size 
were kept to a minimum while torque and 
power consumption curves were tailored to 
fit the special requirements of battery 
operation. 


SPECIAL MOTOR PROBLEMS 


_ YOUR SPECIAL MOTOR PROBLEMS TO ALLIS- 
CHALMERS. Whether your problem involves space re- 
strictions, electrical characteristics, enclosures, performance 
curves or any other design feature, Allis-Chalmers engi- 
neers will help you. They know the problems of the 
design engineer intimately because Allis-Chalmers designs 
and manufactures control, drives and many types of ma- 
chines in its own plants. 


Modern Testing Facilities — You can be sure that an 
Ailis-Chalmers special motor will deliver the performance 
designed into it. Every special design is tested in one of 
the most modern motor laboratories in the industry. Com- 
plete tests are run on both pile and production units. 


Nation-wide Service — Almost 100 Allis-Chalmers 
Certified Service Shops, located in every major industrial 
area in the country, are equipped to give prompt, factory 
approved service on any Allis-Chalmers motor you put on 
your equipment. In cases where special motors are used, 
the Certified Service Shop has access to factory data and 
uses only factory approved parts and procedures. You don’t 
need to worry about service when you use an Allis-Chal- 
mers special motor. 

When your machines require special motors, call in the 
Allis-Chalmers representative early in the planning stage. 
He may be able to make valuable suggestions. Call your 
nearby Allis-Chalmers District Office or write Allis-Chal- 
mers, Milwaukee 1, Wisconsin. A-3966 


Texrope and Vari-Pitch ore Allis-Chalmers trademarks. 


ALLIS-CHALMERS 
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seven Ways you Save 





WITH REYNOLDS FABRICATING FACILITIES 


These photographs are representative of the 
tremendous Reynolds fabricating facilities . . . 
facilities that make possible seven basic 
economies to every manufacturer who uses 
Reynolds Aluminum Fabricating Service. 

Not shown in these photographs, are two 
equally important advantages that Reynolds 
offers manufacturers. One, quality and produc- 
tion control from mine to finished product. Two, 
experienced design and engineering service. 

You'll see proof of the latter advantages— 


along with proof of the seven basic economies 
pointed out in the photo captions—in each alu- 
minum blank, roll formed shape, completed 
part or final assembly you get from Reynolds. 

For your present needs or for development 
work on future models, contact your nearest 
Reynolds office listed under “Aluminum” in 
your classified telephone directory or write for 
your copy of the new “Complete Facilities” 
catalog to Reynolds Metals Company, Parts 
Division, 2051 South Ninth St., Louisville 1, Ky. 


Reynolds REDUCES YOUR RAW 
. MATERIAL INVENTORY 


You get pounds of parts instead 
of pounds of metal when you use 
Reynolds Aluminum Fabricating 
Service. Like the automobile manu- 
facturer who will receive the extruded 
aluminum window frames above, 
you can save, too, by cutting out 
that costly part of your metal inven- 
tory that does not go into finished 
parts. Over 30 Reynolds plants in 18 
States are at your service! 


Reynolds RELEASES YOUR 
VALUABLE FLOOR SPACE 


Pictured above are just a few of 
6,000 different parts for a single plane 
in production at Reynolds plants at 
one time during World War II. Imag- 
ine the floor space required for this 
production. Imagine the floor space 
you can save in your plant—space you 
can put to profitable use—when you 
call on Reynolds Aluminum Fabri- 
cating Service to turn out aluminum 
parts for your products. 


Reynolds ADDS TO YOUR CAPACITY 
WITHOUT INCREASING COSTS 


Here, in the photograph above, alu- 
minum TV antenna is being formed 
on one of the seventeen Reynolds roll 
forming machines. The great variety 
of Reynolds specialized equipment 
enables you to obtain the economy of 
the machines best suited to your pur- 
pose, without making the tremendous 
capital investment in equipment and 
added plant capacity which would 
otherwise be required. 


REYNOLDS AL! 


BLANKING e EMBOSSING «© STAMPING + DRAWING © RIVETING = 
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Reynolds CUTS YOUR MATERIAL 
HANDLING COSTS 


The aluminum pallets above will re- 
duce material handling costs in many 
plants .. . and the manufacturer of 
these pallets is also reducing his 
material handling costs by getting 
pounds of parts, not pounds of metal, 
from Reynolds Aluminum Fabricat- 
ing Service. Reynolds also takes the 
problems of scheduling, material sup- 
ply, labor and machine availability 
off his—and your—hands! 


Reynolds OFFERS YOU DELAYED 
MATERIAL BILLING 


You receive 100% of your aluminum 
in finished parts when you use 
Reynolds Aluminum Fabricating 
Service. And, as these parts are gen- 
erally billed after assembly into fin- 
ished products, no investment is tied 
up in raw metal. These quality parts, 
like the shells of the aluminum cook- 
ers being buffed above, are available 
in a wide choice of finishes including 
color-anodized. 


Reynolds CUTS YOUR SCRAP LOSS 
AND SCRAP HANDLING COSTS 


The aluminum blanks on the conveyor 
at left are ready to go to a washing 
machine manufacturer. The scrap be- 
side the press is remelted immediately 
right at the Reynolds plant. Thus 
Reynolds Aluminum Fabricating 
Service saves you—the manufacturer 
—an average of 30% scrap loss and 
also eliminates scrap handling ex- 
pense on your part in sorting, storing 
and shipping. 


Reynolds ELIMINATES YOUR 
REJECT COSTS 


Reynolds Aluminum Fabricating 
Service does away with your machine 
and labor production losses and in- 
spection expense in rejects, because 
you pay only for finished, inspected 
parts. The conveyor line above, where 
refrigerator door trays are carefully 
inspected before packing and ship- 
ping, is just one of the many exam- 
ples of Reynolds quality control from 
mine to finished product. 


FABRICATING SERVICE 


ROLL SHAPING « TUBE BENDING ¢ WELDING «+ FINISHING 
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Here’s a typical example of how the extra power capacity of Cog-Belts can solve design 
problems. Two diesel engines drive the pump on this sand and gravel dredge, and the former 
16-belt drive handled a constant 140 horsepower load. When it was planned to step this up 
to 188 horsepower, 16 belts weren’t enough. But adding more belts ineant adding more grooves 
to the pulleys—and there was no room for large pulleys! The engineers were faced with re- 
designing the entire dredge, in order to make use of the engines’ new output. Then 16 Cog- 
Belts were put on the drive. The same pulleys were used, but the Cog-Belts easily carried the 
48 horsepower load increase. Instead of a complete redesign job on the dredge, it was a } seengte 
matter of changing from conventional V-Belts to Cog-Belts! 
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Want fo save weight, 
soace and cost on your 


VS elt drive design 7 








This may be your answer. . . Cramped for 
drive space in your new design? If up to 25% shorter 
center distances will solve your problem, investigate the 
Dayton Cog-Belt.* It has no difficulty in operating on 
much shorter center distances then conventional V-Belts 
require. 

If weight is your design problem, the Cog-Belt can 
lighten your design by as much as 28%. How? Because 
you can specify smaller pulleys . . 
and, frequently, fewer belts. 

Is cost the biggest headache in your design? Then be 
sure to see what the Cog-Belt offers the design engineer. 
In a great many instances, the greater horsepower rating 


Day t aim 


. Shorter belts .. . 


of the Cog-Belt permits using fewer belts, and pulleys 
with fewer belt grooves. The savings possible in such 
cases are obvious. Even in drives which require the same 
number of belts, the pulleys for the Cog-Belts may be 
smaller (and thus cheaper) and the shorter center dis- 
tances lend cost-cutting compactness to your design. 


Send for design data! 


Get the complete engineering story on how Dayton Cog- 
Belts save cost, weight, and space. Send for Dayton’s 
384-page design guide. And, of course, feel free to call 
on Dayton’s engineering staf* for help with your drives. 


No obligation — just write, wire, or phone. 
*T.M, 


Wolo @ x 


Since /905 


WORLD’S LARGEST MANUFACTURER OF V-BELTS 
DAYTON 1, OHIO 


See how much space a Cog-Belt saves! 


TYPICAL V-BELT DRIVE “B" CROSS SECTION 


4 TO | SPEED RATIO 


— 
_ 


DAYTON COG/BELT DRIVE "B” CROSS SECTION 
4 TO | SPEED RATIO 


The Cog-Belt means a 30.6% saving in center distance .. . 


a 26% saving in height . . 
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- @ 47.2% saving in drive area! 


























REALLY DELIVERS IS MORE SERVICE...LESS SERVICING 
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See the space 
you save with these 


modern 


Both Life-Line motor and Life-Linestarter are 
space stretchers. The reason? Compactness. They 
are smaller, lighter than most conventional types 
.-. can be installed in close quarters where others 
can’t be accommodated. 

Notice that the motor has no grease cups or 
fittings. It’s pre-lubricated . . . needs no further 
lubrication. This means you can cramp it into 
close quarters, forget greasing channels and 
nipples brought to outside of machine. Just 
install it in “hard-to-get-at” locations and forget 
it! The way to grease a modern motor is don’t. 

A check of the Life-Linestarter will show you 


all parts can be removed straight from the front. 





No need to allow extra work room for servicing. 
Further, wiring is straight through. You get 
simplified wiring, shorter leads. And you can 
have two electrical interlocks without increasing 
starter width. This means, smaller cavities and 
more compact cabinets. 

These features give you the most advanced 
designed equipment available today. Built 
to match the modern advancements you 
build into your equipment. But get complete 
data. Ask your Westinghouse representative for 
latest information, or write Westinghouse Elec- 
tric Corporation, P. O. Box 868, Pittsburgh 


30, Pennsylvania. J-21692-A 


you can Be SURE...i¢ irs - 


“ c 
~ 


Westinghouse AS 





| 
| eee mmm a nme ee 
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Design people find Raybestos-Manhattan 
engineering service helpful on problems involv- 
- ing Asbestos, Rubber, Sintered Metal and Teflon” Products 


Friction Materials 


In the factory, on the farm, on the highway, even in 
the home . . . Raybestos-Manhattan friction materials 


contribute to the successful solutions of hundreds of 


“Stop and Go” problems. In the complete R/M line 


Mechanical Rubber Products 


Raybestos-Manhattan has continually kept ahead of 
changing demands in the development of mechanical 
rubber products. The Condor Whipcord Endless Belt 
is an example of industrial foresight at R/M. This 


transmission belt has been known to outlast from 2 to 
10 ordinary type endless belts on many drives. Made 
from strong de-stretched cords, endless wound and 
embedded in rubber, it is a highly flexible belt, unaf- 
fected by temperature changes. The exclusive Man- 
hattan Extensible-Tip prevents cover splice separation 
by extending the joint stress over a wide area. The 
same R/M ingenuity in engineering applies to hose, 
conveyor and V-belts, molded rubber p-oducts. 


designers can find brake linings, brake blocks, clutch 
facings, bands, cones and many special shapes... 
precision-made of woven or molded asbestos or of 
various formulations of sintered metal. Each part is 
unique in design, size, composition, friction and en- 
gagement characteristics, and in suitability for a specific 
type of service. The parts illustrated above merely 
suggest the wide range of shapes and sizes available. 





Cc.\ —= — iS EES hy 
Ss (—~. / KD) SS gq ra 
S ef) — 7/74 


Broke Blocks, Linings Fan Belts and Mechanical Packing Abrasive and Industrial Industrial and Conveyor 


Rubber Lined and 
and Clutch Facings Radiaior Hose and Gaskets Diamond Wheels Drive Belts 


SPECIALISTS IN ASBESTOS, RUBBER, SINTERED METAL 
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Avtomotive Hose Belts 





To better serve you PROMPTLY. . So that k/M sales, research, engineering 
and production can best coordinate to handle your problems . . . and so that we can serve 
you with least delay . . . please wire, phone or write the division listed under the product 


in which you are interested. 


Packings, Gaskets, 
Asbestos Textiles and Teflon’ Products 


Here are a few of the hundreds of different R/M pack- 
ings and gasket sheets. Raybestos-Manhattan makes 
available to design engineers a complete line of pack- 
ings made of rubber, duck and rubber, flexible metal, 
plastic, asbestos, ramie, flax and other fibers to seal 
against air, water, steam, gas, oil, solvents, foods, 
hydraulic fluids, etc. R/M also manufactures asbestos 
textiles, woven yarns and cloth. And R/M meets 
specifications for Teflon packings, rods, sheets, tubes, 
tapes and fabricated parts. 

*Du Pont trade-mark for its tetrajluoroethylene resin 


MECHANICAL 
RUBBER PRODUCTS 


Manhattan Rubber Division 
Raybestos-Monhattan, Inc. 
Passaic, N.J. 
Gregory 3-2000 





PACKINGS, GASKETS, 


ASBESTOS TEXTILES 
AND TEFLON PRODUCTS 
Packing Division or 
Asbestos Textile Division 
Raybestos-Manhottan, Inc. 
Manheim, Pa. 
Manheim 5-2211 





FRICTION 
MATERIALS 


Equipment Sales Division 
Raybestos-Manhattan, Inc. 
445 Lake Shore Drive 
Chicago 11, Ill. 
Superior 7-5126 








fa = 
7 \ d 
/ 
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Rubber Covered Sintered Meta! Asbestos Teflon Tape, Packings, 
‘olls Friction Elements Textiles Sheets, Rods, Tubes 


AND TEFLON PRODUCTS 
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RAYBESTOS-MANHATTAN, INC. 


FACTORIES: Passaic, N.J. * Neenah, Wis. * Manheim, Pa. + Bridge- 
port, Conn. * No. Charlesion, S.C. * Crawfords- 
ville, Ind. * Peterborough, Ontario, Canada 


Manufacturers of Mechanical Rub- 
ber Products * Packings + Broke 
Linings * Brake Blocks + Clutch 
Facings + Sintered Meta! Products 
Fan Belts « Radiator Hose + Rubber 
Covered Equipment + Asbestos 
Textiles * Teflon Products *« Abra- 
sive and Diamond Wheels » 
Bowling Balls 





You wouldn’t 


hold a bolt 
to + 0.0002 in. 


oo. Wihy pay for unneeded precision 


in ball bearings? 


In many applications where speeds and loads are 
moderate, you don’t need a precision bearing. When 
this is the case, Schatz “Commercial” Ball Bearings 
can cut your costs by as much as 85°—without any 
sacrifice in operating efficiency. 

Why are savings like this possible? Because 
“Commercial” Ball Bearings are designed to wider 
tolerances than precision bearings... because they are 
available unground, partially-ground, or fully- 
ground. And, because, in almost all cases, cages are 
not used. 

If you have an application where speeds and loads 
are moderate, it will pay you to look into Scnatz 
“Commercial” Ball Bearings. To learn how you may 


save, write for literature described below. 


THE SCHATZ MANUFACTURING COMPANY 
6758 Fairview Avenue, Poughkeepsie, New York 


The oldest, largest manufacturer of “Commercial” ball bearings 


Technica] literature available: 
Schatz Catalog 11] contains drawings and specifications of Schatz Ball Bearings. 


Technical Bulletin tells how to determine proper type and size “Commercial” Ball 
Bearing for various speeds and loads. 


Vylon Bearing Parts discusses advantages of nylon parts in “Commercial” bearings. 


28 


Schatz Commercial” Bearings 
used on these products 


Dishwashers « Outboard motors 
Automobile steering mechanisms 
Elevators * Box machinery 
Office equipment 
Flexible shafts « Lawn mowers 
Masonry cutting equipment 
Textile machinery « Farm equipment 


Laundry equipment 


What about your product? 


SCHATZ 


(Chrikitseele 
BALL BEARINGS 
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Sure Cure for the Shakes 


ET VIBRATION creep in and even the best of 
production equipment fails to perform; for, 


like oil and water, vibration and precision 


just don’t mix. Federal controls vibration at the 


source with periodic inspection and balancing of 
all rotating parts. The pulley shown above, for ex- 
ample, is being balanced in a Gisholt Dynetric Bal- ederal 
. . ° : -) - 
ancer; the slightest sign of imbalance draws an ; 
, , ‘ LAB 
automatic signal. By such minute attention to de- ; 
tail Federal maintains precision on the production 3 
line—one reason why you can be sure of friction- - 


free performance with Federal bearings. 


Ball Bearings 


One of America’s Leading 


The Federal Bearings Co., Inc., Poughkeepsie, N. Y. Ball Bearing Manufacturers 
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VITROHM 


are your 


Ward Leonard manufactures its own ceramic cores, 
Vitrohm enamel and terminals. Even the resistance 
wire is drawn to our own specifications. Every oper- 
ation required to build a Vitrohm resistor is care- 
fully and constantly checked and controlled by our 
Standards Department. That's why Vitrohm resis- 
tors assure you complete uniformity, accuracy and 
reliability, even under the most adverse service 
conditions. 

Ward Leonard has the largest selection of stock 


stock resistors 


Vitrohm stock resistors range from 5 to 200 watts with resistance AXIOHM 
values from 1 to 250,000 ohms. Made-to-order Vitrohm’s are avail- Used in electronic equip- 
able from 5 to 550 watts with values from 0.04 to 1,750,000 ohms. 3 ment requiring miniature 


‘WARD LEONARD 


FIXED VITROHM 
Used for voltage dropping 
and current limiting. 


ADJUSTOHM 

Gives circuit adjustability 
for voltage dividing or 
regulating purposes. 


STRIPOHM 

For compact aviation, 
communication and navi- 
gation equipment. 


power resistors. 


NON-INDUCTIVE 

For low inductance and 
distributed capacitance in 
high frequency circuits. 


PLAQOHM 

Used in compact, high fre- 
quency electronic equip- 
ment. 


DISCOHM 

A miniature resistor for 
low inductance values and 
distributed capacitance. 


' WARD LEONARD 
ELECTRIC COMPANY 


MOUNT VERNON, NEW YORK 


Reaulk- Engineered Coitioly Since 1892 
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RESISTORS 


best buy 


resistor types and sizes ever offered by any manu- Special form resistors 
facturer. Also available to meet customer's exact to meet unusual 
specification is a complete stock of components requirements 
ready for immediate assembly into made-to-order 
resistors. Our controlled component manufacture 
and inspection, plus a wider selection of types, 
make Ward Leonard your best buy in resistors. 

For full information on Vitrohm resistors, write 
for Catalog No. 15 to Ward Leonard Electric Co., 
63 South Street, Mount Vernon, N. Y. 


1 | made-to-order resistors 
(these pius all the stock resistor types) 


RIBFLEX 

Used in circuits where 
high wattage must be dis- 
sipated in small space. 


FERRULE TERMINAL 

For rapid interchange- 
ability of resistance values 
or resistor replacement. 


SCREW BASE 

With an Edison screw 
base for mounting to pro- 
vide rapid means of 
changing resistance. 


BRACKET TERMINAL 

Has leads silver brazed to 
brackets for easy inter- 
change or renewal of unit. 





RHEOSTATS RELAYS CHROMASTER 
CONTROLS 
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BRIDGEPORT BRASS COMPANY 


Copper ALLOY BULLETIN 








(eRass. 





me MILLS IN BRIDGEPORT, CONN. AND INDIANAPOLIS, IND. —IN CANADA: NORANDA COPPER AND BRASS LIMITED, MONTREAL 
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Silicon bronze cold headed and 1 


ll threaded fast 
fabricate — courtesy Scovill 


mnes are 
Mfg. Co., 


2! 


pendable ervice and economical to 


Waterville, Conn 


SILICON BRONZE FASTENINGS 
Meet High Engineering Requirements 


Vital equipment and, in fact, life it- 
self may depend upon the reliability 
of metal fastenings used. Conse- 
quently, it is absolutely necessary from 
an engineering standpoint that the 
metal, from which fastenings are made, 
be reliable and dependable under the 
various service conditions encountered 
such as high stresses, corrosive en- 
vironments of various kinds, moisture, 
fatigue, temperature changes, etc. 

For all-around general engineering 
requirements for making cold headed 
items, Silicon Bronze 609 wire is 
widely used. It contains about 98° 
copper and 2% silicon and has the fine 
corrosion resistance and the work- 
ability of copper plus the strength and 
toughness of some grades of steel. 
Since they are not whittled away by 
rust, silicon bronze articles retain their 
original physical properties. 


Resists Stress Corrosion Cracking 

Silicon bronze is much more stable 
than the yellow brasses as far as re- 
sistance to stress corrosion or season 
cracking is concerned because of its 
very high copper content. 

The chart shows the comparative 
behavior of accelerated stress corro- 
sion tests on Silicon Bronze 609 versus 
yellow brass. The samples, while under 
tension, were immersec in concen- 
trated Ammonium hydroxide vapors. 
Tested after a 24-hour period, the sili- 
con bronze had retained 87% of its 
tensile strength. Any loss was due to 
the reduction in cross-sectional area 
from the corrosive action of the solu- 
tion. On the other hand, the yellow 


75 
5 


brass had cracked badly and only 12% 
of its original tensile strength remained. 
This laboratory test is, of course, 
much more severe than encountered 
in actual service. It indicates that Sili- 
con Bronze 609 is suitable for outdoor 
service conditions but yellow brass, 
under stressed conditions in the same 
environment, is not recommended. 
Although Silicon Bronze 609 is mod- 
erately strong in the annealed condi- 
tion (about 43,000 psi), it attains a 
very high tensile strength when hard 
drawn to the temper suitable for mak- 
ing screw products by cold forging and 
roll threading. The hard drawn wire 
is extremely malleable and is excellent 


STRESS CORROSION TESTS — COMPARISON BE- 
TWEEN SILICON BRONZE AND YELLOW BRASS 
100 
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for making cold headed products even 
with very large heads. No relief anneal 
is necessary for the finished products 
because the metal does not become 
brittle even after a high degree of cold 
working. 


Making a Cap Screw with 
an Oversized Head 

The first operation reduced the .340” 
wire to .276” by “extrusion.” This cold 
working operation not only increased 
the strength of the shank but pushed 
up extra stock required in order to fill 
the die for the large head. Extrusion 
and thread rolling increased the tensile 
strength of the shank to about 100,000 
psi as compared with an ordinary low 
carbon steel screw which averages 
about 70,000 psi. 


j 
j 
J 

h 


Steps for making a silicon bronze cap screw wit 
am uaucually large head — Scovill Mfg. Co 


The cold heading and roll threading 
processes have many advantages both 
from quality and economy standpoints 

great strength, uniformly high qual- 
ity, close tolerances, high speed manu- 
facture, and very low scrap generation 
during fabrication. 


Many Applications 


Silicon bronze fasteners and special 
cold headed parts, as illustrated above, 
can be used to advantage for practi- 
cally every product in every industry. 
Examples are: common bolts and nuts; 
clamps and special fastenings for high- 
tension and standard voltage electrical 
transmission equipment; builders’, ma- 
rine and pole line hardware; home ap- 
pliances, outdoor signs, transit systems 
automotive accessories, valve stems, 
instruments, water meters, signal sys- 
tems, mine equipment, etc., etc. 

More detailed information on wire 
alloys for cold heading is given in the 
Bridgeport Brass “Technical Hand- 
book.” Please contact Bridgeport’s 
nearest sales office for laboratory help 
and your metal requirements. (9648) 


Product Engineering — March, 1953 
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Typical machine tool control panel showing 
disconnect unit, contactors, and accessories 


HOBBING MACHINE 


TAPPING MACHINE 


MACHINE TOOL CONTROL PANELS 


ENGINEERED TO SATISFY YOUR NEEDS 


Allen-Bradley control panels are popular with machine 
tool builders, because — 

1—A-B contactors and relays have acquired a world- 
wide reputation for dependability and precision con- 
trol. Consistently, they perform millions of trouble free 
switching operations. 

2—A-B engineers, through long experience, are 
skilled in developing sequence control panels. Due to 
the compact design of A-B components, smaller panels 
are a common result ... which means less space is used 
on the machines. 

3—The A-B trademark is a sales asset for your 
motorized machine tools. It is the mark of Quality in 
motor control... known and accepted by machinery 


buyers, everywhere. 

It will pay you to discuss your control problems with 
Allen-Bradley. A field force of Allen-Bradley engi- 
neers, located in all principal cities, is at your service. 
We shall be glad to send you the A-B Handy Catalog. 


Allen-Bradley Co., 1316 S. Second St., Milwaukee 4, Wis. 
as Ge you Td 
— UALI a 


SPECIAL PANELS 


















pees nc 2 0-c 


B TROUBLE FREE 


Me RELAYS 


from 1 to 12 POLES 








THE UTMOST IN RELAY DEPENDABILITY 






HUM-FREE 
A-C RELAYS 


Relays in hospitals, 
churches, etc., must be 
hum-free. For these 
places,Types BM and BXL 
relays ore recommended. 
Continuous coil currents 
are not needed to hold 
them closed. Also useful 
for machine tools. 


TYPE BM—Residual 
Magnetic Latch 


Contacts are held closed 
by residual magnetism of 
core. A demagnetizing 
coil current opens relay. 






TYPE BXL—Mechanical 
Latch 2-Unit Relay 


Lower solenoid trips the 
mechanical latch of the 
upper relay jo open the 
upper relay contacts. 


ALLEN-BRADLEY 


RELAYS & CONTACTORS 


Bulletin 700 Relays are built to the 
same critical operating standards as 
the larger switching units in the Allen- 
Bradley line. 


They have only one moving part... 
the simple solenoid plunger that opens 
and closes the double break, silver 
alloy contacts. Available in many va- 
rieties of contact arrangements . . . up 
to 12 poles... with or without enclo- 
sures. Long, trouble free life makes 
these relays the ideal pilot controls for 
installations which are likely to get in- 
frequent inspection and maintenance. 
Send for Bulletin 700 containing com- 
plete details on ratings, dimensions 
and related accessories. 


Allen-Bradley Co. 
1316 S. Second St., Milwaukee 4, Wis. 
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PEED PRODUCTION, CUT 
GOSTS ON LARGER PARTS 


You'll want this new report on 
recent developments in mass- 
producing giant components 


You may already have turned to plastics to solve 
some of your design and production problems 
for small parts. But today, with larger and larger 
plastic moldings possible, you may be asking 
this question: 


“Can I realize the same considerable produc- 
tion advantages on large components that I’m 
now enjoying with small plastic moldings?” 


To answer your question authoritatively, 
Monsanto has issued a report that tells how 
product designers can now consider new giant 
plastics applications that were out of the ques- 
tion a few short | ears ago—because of huge new 
molding machines, improved plastics formula- 
tions, and the continuing progress in plastics 
molding technology. 


We think you'll be interested in this new 
study, which shows how leading manufacturers 
are already using plastics to simplify pro- 
duction and cut costs on ever-larger component 
parts. For your free copy, please mail the handy 
coupon. 


MONSANTO 


Gukaicats ~ PLASTICS 


SERVING INDUSTRY...WHICH SERVES MANKIND 
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CHICAGO MOLDED PRODUCTS CORP. 


How plastics cut costs, 
simplify production | FREE—REPORT TO DESIGN ENGINEERS 


Monsanto's latest study, on how ‘‘one-shot 
plastic moldings of giant parts can simplify 
production, cut costs. 


MONSANTO CHEMICAL COMPANY, Plastics Division, Room 2127, 
Springfield 2, Mass. 


Please send me your report on how plastics sin plify production of large units 
Name & Title 
Company 


Address oS 


City, Zone, State 





the fastest and most 
Yeolalelilinclmacltic- 
inelii Mach Mil Licatcl ice 
finished product 


CASE HISTORIES FROM 
MT. VERNON FILES 


Fast production with economy—that's die 
casting’s supremely important contribution to the 
needs of today. For die casting is industry's ver- 
satile top-speed, money-saving production tool. 


Take, for example, the Lewyt Corporation. 
Even as vacuum cleaners march steadily along 
its production lines, a division of the plant is be- 
ing devoted to manufacture of components for 
military radio transmitter-receiver sets. 


Shown here, is a Lewyt-made, panel-mounted 
dial drive assembly. The gear train housing, pro- 
duced by Mount Vernon, is cast in two matching 
halves, complete with bushings and all details as 
specified. With a minimum of machining, a tight 
fit of the two portions is obtained, and the hous- 
ing is ready to receive the intricate gear assembly 
needed for coupling the megacycle and one-tenth 
megacycle controls, ard other parts, to each other 


However complex or simple your product, and 
however critical the dimensional accuracy it de- 
mands, it is very probable you can produce it 
most profitably by Mount Vernon die casting. So 
send us your specifications. Our wealth of special- 
ized knowledge is at your disposal, and we'll 
gladly make recommendations based on your 
particular needs. 


Sieg, 


pre sr Stas. 
itty SSSSSzrez50), 


MT. VERNON 


DIE CASTING CORP. 


Mt VERNON 
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1953 





Product Engineering March, 1953 





Is there ONE chain 


your drive or 


YES! And you'll find the answer 
in LINK-BELT’s complete chain 


line — a size and type for 
your specific job 


BABY CREAM JARS are capped and inspected as they ride on individual carrier plates 
of Link-Belt Universal Crescent flat-top chain conveyor. Vertical curves as well as sharp 
horizontal bends are easily traversed. Link-Belt makes six different types of flat-top 
chain, each engineered for a specific service 
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that best meets 
conveyor problem? 


PULPWOOD LOGS 

are discharged from 

drum barkers onto a 12- 

strand Link-Belt sorting 

table. This Class C Pro- 

mal chain resists both 
abrasion and corrosion, pro- 
vides long life under tough 
conditions 


OIL FIELD DRILLING 

RIG utilizes multiple- 

width Link-Belt Roller 

Chains with their E-Z 

Assembly feature. Even 

under the most rugged 
service conditions, these de- 
pendable chains provide long 
life. 


PORTABLE BELT 
SANDER employs high 
speed, compact, efficient 
Link-Belt *is-in. pitch 
Silverstreak Silent 
Chain Designers 


throughout industry rely on this drive 
for pinion speeds up to 9000 rpm. 


SR 


0 &/ 


COAL is handled by 
Link-Belt rivetless-chain 
flight conveyor that 
includes Flint-Rim 
Sprockets. Link-Belt 
makes all sizes and 


types of cut and cast tooth sprockets 


for every drive and conveyor service. 


WOOL CARDING MACHINE ROLLS 
are driven by Link-Belt Precision Steel 
Roller Chain and Sprockets to insure 
positive, uniform transmission of power 
independent of temperature variations. 


Follow the lead of all industry —— for your complete 


CHAINS AND SPROCKETS 


drive and conveying chain needs rely on... 


LINK-BELT COMPANY Plants: Chicago, Indianapolis, Philadelphia, Colmar, Pa., Atlanta, Houston, Minneapolis, San Francisco, 


Los Angeles, Seattle, Toronto, Springs (South Africa), Sydney (Australia). Sales Offices in Principal Cities. 
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How Tubular Pants with Founed Endo 
Can be Produced. ECONOMICALLY 





“ 


te 


Tubular parts requiring tapered, 
rounded, flat or other shaped ends 
can be made easily, quickly and 


economically by the Wolverine 
Spun End Process™. 


Here is a typical case of By virtue of their improved de- 
Som ing: ae ih sign, the finished parts made by this process 
piece from Wolverine tube with perform more efficiently, and their modern 
both ends almost closed by means 
of the Wolverine Spun End 
Process. This streamlined design also has the ad- 

Having no seams or joints, this 


lines add to the sales appeal. 


iminati veral parts, thereb 
redesigned part offers assurance vemage of elimina sill tatiana Y 


against leaks; and makes the reducing labor and material costs and as- 
complete unit more dependable sembly time as well. 
at all times. 

This product was formerly A request on your letterhead will bring you 
made from a cylindrical form 
capped at both ends and silver 
soldered at the joints. 


a copy of our brochure “Spun End Process.” 





a \ 
Other Wolverine 

Products 

CAPILATOR* 


—the capillary tube for 
restriction purposes 


“A PATENTED PROCESS RE. 22465 


COMMERCIAL TUBE 
TOMOTIVE T 
Wolverine Trufin ond the Wolverine Spun End Process available CONDENSER TUSE 


in Canad through the Unifin Tube Co., London, Ontario seat gh 4 —_ 
STEEL TUBE 
FABRICATED TUBULAR 


WOLVERINE TUBE DIVISION Y om WOLVERINE TRUFIN® 


Wms oo f CALUMET & HECLA, INC. reson on coches 


REFRIGERATION AND AIR 
° CONDITIONING TUBE 
Manufacturers of Tubing Exclusively (Plain or Tin Plated) 
S.P.S. PIPE 


1415 CENTRAL AVENUE 6 DETROIT 9, MICHIGAN SPUN-END TUBEf 
ss ne beret See oe 


*Req US. Pat. OF 
1A Patented Process RE 22465 


Export Depertment, 3B E. 40th St., New York 16, N _ \ J 
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New 3-pole “E” Breaker. Also available in 
1 and 2-pole models. 5-100-ampere rating, 
5000-ampere a-c interrupting capacity. 
240 volts a-c, 125/250 volts d-c. 


New Westinghouse “E” Breaker 


Uprated from 50 to 100 Amps 


GIVES TWICE THE CIRCUIT CAPACITY IN SAME CIRCUIT BREAKER FRAME SIZE 





Here's a low-cost way to provide for increased power 
needs. The new Westinghouse 100-ampere “E” 
Breaker doubles circuit capacity without imcreasing 
breaker frame size! In lighting and distribution panel- 
boards, switchboards and other enclosures, it saves 
critical mounting space—greatly expands capacity. 

To maintain service on temporary peak overloads 
—yet, give instant short-circuit protection—*E” 
Breakers are equipped with thermal magnetic trip. 
Breaker cases are sealed after calibration—trip ratings 
are noninterchangeable, nonadjustable. 
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Standard Westinghouse AB Breaker features on this 
new line include: “De-ion®” method of arc extinction 

. non-welding silver-alloy contacts . 
resistant bearings and parts. 
quick-break mechanism. 

In a circuit breaker there’s no substitute for sound 
engineering design and quality construction. Look 
to Westinghouse. 


. . Corrosion- 
. trip-free, quick-make, 


Call your Westinghouse Representative or write for 
Circuit Breaker Book B-5407, Westinghouse Electric 
Corporation, P. O. Box 868, Pittsburgh 30, Penna. 

)-30122 
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; + / ~~ . 
; ; = «| MOTOR STARTERS 
} DISCONNECTS Known throughout industry for | 
Heavy duty industrial maximum reliability and accessibility. 
switches oT circuit breakers, Easily attached electrical interlocks save / 
sc ame OO with easily installed safety dis- space and cost of separate relays. 
connect handle mechanisms. 
Padlocking provision, and in- CONTROL RELAYS 
terlocking with door, safe- a) i ee enews oes 
qoand pemenee . = Prepare 2 10 8 
| | , poles, convertible from | 
| | A normally open to closed. 
TRO RI TIMING RELAYS 
Accurately timed delay - 
, periods assure proper COM PLETE | 
| machine sequencing. a ine 
Rugged pneumatic timers 
give consistent perform- f D t 
ance over several tail- 0 com onen $ esse 
cee ee lions of operation®- <7 You can meet virtually any AC or DC 
Cort application need by using standard Square D 
TI Tt} CONTROL CIRCUIT components. Each is designed to perform 4 
eeteedhesitiaatle TRANSFORMERS spevific control function—in minimum space 
t-t-+ +--+ Good transformer —with maximum accessibility for easy inspec- 
t+ regulation maintains tion and maintenance. Each is physically 
Rass stable secondary voltage. proportioned for efficient and compact com- 
ttt ‘ even when energizing Sige . , 
oe large solenoids or mag- bination with other Square D components in 
t+ + netic devices. New sizes building better, more attractive control panels. 
extend range to 1000 VA. ‘ 


PRESSURE SWITCHES 
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PU SHBUTTONS 
& ENCLOSURES 
Heavy duty, oil-tight 
pushbuttons, selector 
switches lights 
in attractive cast enclos- 
ures harmonize with ma- 
chine contours. — 


LIMIT SWITCHES 


Compact enclosures exclude 
oil and dust. Easily adjustable 
operating arms and accessible 
terminals simplify installation. 


1¥03 





Adjustable pressure ranges 
from 1 to 3000 P. s.1. Drip- 
| tight, oil-resistant enclosure 
houses sturdy mechanism and 
s. P. D.T. electrical contacts. 





SWITCHES 


Attractively styled, 

compact case en- 

hances appearance 
of machine. Switch 
is easily convert- 
ible from main- 
tained contact to 
spring return. 


N LEADE 


= —— i 


. 50 YEARS OF DESIG 
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Field Engineering - - - 


Through seasoned Field Engineers, headquartered in more than 
in-glove’”’ with ma- 


?) 50 principal cities, Square D works “hand- 

ww chinery builders and plant engineers in solving electrical control 
problems. You'll like to work with them. They talk your language. 
They re backed by thorough factory engineering to assure the / 


best possible selection of circuits and components. 


3 Factory Assembly and Test... 
ae 
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No other electrical control manufacturer offers 
such complete and flexible facilities for design- 


ing and building custom equipment. If you don't 
D's new Job 


e’ll send 













have the complete story of Square 


Shop operation, mail the coupon and w 
it to you promptly. 
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UARE D COMPANY, Dept.78 


0 r ree wo ee s 
4041 N. Richards St t M ouk 2, Ww 
4, ' 
se send 1€ 4 COpy Of your new k Kile 
Plea e se . IT y ) 200 
gives the com le e story oO 5q are is 
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NO. SEVEN OF A SERIES 
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The Helipot Corporation 
originators of the helical precision 
potentiometer, were pioneers in the development of 
the basic multi-turn principle in potentiometer 
design. Equipped with the Helipot 
RA Precision DUODIAL, these units 
provide high resolution and 
extreme precision in limited panel space. 


Miniature Precision Bearings 

are the extra quality products manufactured by the originators and 
pioneer developers of ball bearings in miniature precision sizes. More than 
three thousand discriminating customers are currently being supplied with 
MPB components for applications involving high fidelity performance. 

Vhese fine quality MPB ball bearings are manufactured under exclusive 
and exacting production procedures as conceived and developed by MPB 
designers and engineers. Many designs and sizes of miniature ball bearings 
initially developed at MPB are now internationally standardized. Over a 
million MPB ball bearings have been installed in devices operating under 
unusual conditions . . . extreme temperature range . . . shock . . . continu- 
ous high load capacity . . . limited space in project miniaturization. 

MPB ball bearings are fully ground, lapped, and/or honed to ABEC 5 
tolerances or better. They are torque tested, ultrasonicly cleaned, supplied in 
specific tolerances and classified within the tolerances for prompt assembly 
and maximum service. MPB ball bearings are normally supplied in 10 series, 
from 1/10” to 5/16” o.d., of high carbon chrome bearing steel. Some are sup- 
plied in stainless and beryllium copper, and all are assembled with best quality 
balls. Ihe most extensive engineering knowledge in miniature bearing appli- 


cations is available to you. Write for Catalog and survey sheet PE3 


Continued expansion, necessary in order to supply a steadily increas- 
ing demand for extra quality bearings, will soon enable us to partici- 
g ! jual ( vs, wii oon ena ¢ is (oO pe ( 


pate in your future planning. 


iniature Precision Bearings 
Incorporated AND Keene, New Hampshire 


8 


save 
space 
weight 
friction 


a sb > 9 
Pioneer Precisionists to the World’s foremost Instrumeni Wanufacturers 
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GEl wn hee B-PAGE FOLDER 


See where and how we mass-manufacture Small Gearing 
to uniformly fine tolerances. This attractively printed 8', 
x 11" 6-page folder is punched for ring-binder use. You'll 
want to keep it handy for frequent reference. It contains 23 
pictures of Small Gears, plant views, as well as Diametral 
and Circular Pitch Tables. Ask for your copy on company 
stationery, please! 


Product Engincering March, 


A leading quality factor in mass-pro- 

ducing Small Gears is UNIFORMITY! 

The smallest micrometric variation in 

one Gear to another brings trouble— 
plenty of it. Mechanisms grind, strain, vibrate .. 
assembly lines stop abruptly. Delays, downtime, 
waste ..all play havoc with vanishing profit mar- 
gins. You can avoid all danger of varying quality 
by making us responsible for the Fractional 
Horsepower Gearing you need. Like lots of other 
careful buyers, you too can capitalize on our 35 
years of specializing in the speedy, economical, 
mass-manufacture of better Small Gearing exclu- 
sively. Tell us now about your needs. Call us in 
at the drawing board stage, or send samples, 
drawings, specifications. You'll like the sincere, 
friendly help we give. 


FRACTIONAL Wo, 
- s 











GIFINR 


‘Specialties, Inc. 


\ 
2635 WEST MEDILL AVENUE 
oa ther \cleme yam real. elk) 


SPURS © SPIRALS * HELICALS © BEVELS © INTERNALS 
WORM GEARING * RACKS * THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 











ven GRAPHITAR 


(CARBON-GRAPHITE) 


proven successful in hundreds of difficult applications 


GRAPHITAR bearings, seals, valves, vanes, bushings and other 
parts like these are helping to cut costs and improve the perform- 


“ 
ance of a great many different products. Here are some important b 
reasons why: 

WwW, 


GRAPHITAR is lighter than magnesium yet mechanically strong outboard motor pump bearing 
and durable, with a compressive strength ranging from 4500 to 
45,000 psi. It is available in varying degrees of hardness ranging 


up to that of hardened steel. 
steam valve rotor 


GRAPHITAR is practically unaffected by high speeds, high pres- 
sures or temperature extremes. Under extreme heat, GRAPHITAR 
will last much longer than most any other material because it 
cannot be melted below 6,000° F. 


GRAPHITAR is self-lubricating. GRAPHITAR has a lower coeffi- 
cient of friction than any other material. Even when lubricated 
with a very light fluid such as water, kerosene or alcohol, it will 
maintain a liquid film at the bearing surface under relatively 


high loads. 


GRAPHITAR is chemically inert and will not corrode even when 
exposed to concentrated acids like hydrochloric or hydrofluoric. 


GRAPHITAR is produced from many different types of carbon a> 
and graphite powders. It is available in many different grades c.2 at 


and the porosity can be controlled to meet the requirements of 


? Es automotive water 
specific applications. 


pump seal 
GRAPHITAR can be formed in fairly intricate shapes and ground 


to tolerances as close as .0005”. GRAPHITAR parts can be supplied 
in virtually unlimited quantities. 


THE UNITED STATES 
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the versatile engineering material that has 


gasoline meter valve seat 


metal backed 


steam joint bearing 


sump pump bearing aircraft fuel ww < 


as vaive rotor . 
gas valve roto aircraft accessory seal 


| 


milking machine vane 


GRAPHITE COMPANY 
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STRAINERS 


in automatic transmissions 


Cleaner oil betters performance, lengthens life. But an oil 
strainer can be no better than its wire cloth. So what? So 
what wire, or rather whose wire, makes a big difference. 


Reynolds Wire Cloth is made to meet special-needs 
demands—all the way! From metal to mesh... from wire 
to weave... from ductility to durability. Its specifications 
are your specifications—its quality matches your products’ 
quality. In any industrial application — automotive to agri- 
cultural. 


Fifty-four—that’s the measure of Reynolds wire cloth 
manufacturing experience, im years. By any other yardstick 
Reynolds measures up—from research to reliability. Put 
your problem to Reynolds engineers. No cost or obligation. 


REYNOL"S WIRE DIVISION, wationat-stanoaro co., DIXON, ILLINOIS 


ATHENIA STEEL..Clifton, N. J. Flat, High Carbon, Cold Rolled Spring Stee! 
WATIONAL-STANDARD...Niles, Mich. Tie Wire, Fabricated Braids and Tape 
WAGNER LITHO MACHINERY. Jersey City, N.J. Metal Decorating Equipment 
WORCESTER WIRE WORKS... Worcester, Mass... Rew’ and Shaped Stee! Wire, Small Sizes 


Divisions of National-Standard Co. 
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Photographic comparison of the new G-E Drawn-oval capacitors (in color) and the conventional units they replace, showing savings in size. 


New General Electric Capacitor 
is Smaller, 10 to 20% Lower in Price 





These fixed paper-dielectric 
hermetically-sealed capacitors 
offer: 


® Reduced costs—10 to 20% 
® Savings in size and weight 
® Double-rolled seams 

® Drawn-steel cases 


e Savings in critical materials 











If vou’re using fixed paper-dielectric capacitors with case styles CP53 
and CP70 in ratings from 1 to 10 muf, 600 to 1500 volts d-c or 330 to 660 
volts a-c—these Drawn-oval units offer you improved reliability in addi- 
tion to an opportunity for reducing the size, weight and cost of the elec- 


trical equipment you manulacture. 


In the new Drawn-oval capacitors, we get minimum seam length by 
using drawn-steel cases, attaching the capacitor covers with a double- 
rolled seam of proven reliability. This construction results in a lighter, 
yet stronger capacitor. Actual savings in size and weight vary with case 


stvle and rating but they can amount to as much as 30% 


his new construction has enabled us to increase output while 
eli ninating some criti al m terials. rhe resulting Savings are passed on 
to you in the form of shorter shipments and lower prices. Prices average 
10 to 20% lower than standard capacitors, again depending upon case 


style and, of course, quantity ordered 


For more information on the new G-E Drawn-oval capacitors, their 
ratings, dimensions and prices, see your local G-E apparatus sales repre- 
sentative or write for Bulletin GEA-5777. Address Section 407-311, 
General Electric Company, Schenectady 5, N. Y. 


GENERAL | 


Product Enginecring 





LINK-BELT ball and 


... Keep company with 


of oar 
a 


SS: 


Latest design of the rugged Allis-Chalmers AD-40 Motor Grader includes Link-Belt 
Series DE self-aligning roller bearings. Allis-Chalmers relies on precision Link-Belt 
bearings on such other products as track-type and wheeled tractors, harvesters and balers. 


LINK-BELT ball and roller bearings 


Metal Working Machinery Farm Machinery Construction Equipment Textile Machines 
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roller bearings 


America’s hardest-working machines 





Integral self- 
alignment—aongu- 
lar contact of con- 
cave rollers oper- 
sting between 
convex raceways 
— inner rocewoy 
free to move in 
any direction. 
Full load capacity 
for radial, thrust 
er combination of 
radial-thrust loads 
is assured even 
with shaft deflec- 
tion or misalign- 
ment. 





Accurately 
formed, hard- 
ened steel re- 
tfeiners space 
and guide the 
rollers. 


Cutaway of Series DE 
Self-Aligning Roller 
Bearing. Link-Belt al- 
so offers a wide se- 
tection of pillow 
blocks, flanged, 
flanged cartridge, 
cartridge, hanger and 


toke-vp blocks. 


BALL and ROLLER BEARINGS 


LINK-BELT COMPANY: Plants 


gtles, Seattle, Toronto, Springs (South Africa), Sydney (Australia) 


Indianapolis, Chicago, Philadelphia, Colmar, Pa., 


1 

Rollers are natu- 
rally positioned 
by their concove 
shape, assuring 
free rolling and 
eliminating end 
friction — no 
pinching or bind- 
ing of rollers. 


Bearing parts ore 
assembled to 
proper clearance 
and locked to- 
gether as a com- 
plete assembly. 


Straight bore 
mounting for press 
fit direct on shoft- 
ing. Tapered 
adapter sleeve 
also available for 
use with commer- 
cial shafting 
where ready 
means of removal 
and installation 
of bearing are 
edvantageous. 


Atlanta, Houston, Minneapolis 


I‘ addition to meeting industry's 

requirements for mounted ball 
and roller bearings, Link-Belt 
builds integrally self-aligning 
roller bearings. Concave rollers 
between convex raceways pro- 
vide angular contact for ample 
capacity under both thrust and 
radial loading. 

As on all Link-Belt bearings, 
precision manufacture assures you 
of long-life, free-rolling shaft sup- 
port. Preadjusted for clearance at 
the factory and packed to reach 
you in “final inspection” condi- 
tion, they require no adjustment 
when you're ready for installation. 

Next time you specify bearings 
for one of your machines, call the 
Link-Belt office near you. They'll 
put you in touch with a Link-Belt 
bearing engineer who can give 
you expert advice on any bearing 
application. You can also get all 
the facts from Data Book 2550. 


San Francisco, Los An- 


Sales Offices, Factory Branch Stores and Distributors in Principal Cities 


13,1 


Pulp & Paper Machinery Materials Handling Equipment Oil Field Equipment Processing Equipment 
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What’s Screwy? 




















“Don’t let it worry you. Everything is made fast with 


Phillips Cross-Recessed« Head Screws.” 








VIBRATION RESISTANCE because not all. Because they are unusually 
of added structural strength is only easy to drive, they cut driving time 
one of the exclusive advantages up to 50%, eliminate driver skids 
gained by using Phillips Screws. and split screw heads. You save 
These screws set up tighter and their time, work, money when you use 
peavecrty distinctive design gives them maxi- Phillips Serews Wood, Machine, 


MATED! mum strength of head. And that’s lapping Screws or ““Sems. 
Only Phillips 
Drivers are per- 
fectly mated to 


eet PHILLIPS cosseecesse-Head SGREWS 


- M marks the spot... the mark of extra quality 


AMERICAN SCREW COMPANY ® ATLANTIC SCREW WORKS, INC ° 
CENTRAL SCREW COMPANY ° CONTINENTAL SCREW COMPANY ° THE E+. GLE LOCK COMPANY 
ELCO TOOL AND SCREW CORPORATION *® GREAT LAKES SCREW « ORPORATION * THE H. M. HARPER CO. 

THE LAMSON & SESSIONS COMPANY e NATIONAL LOCK CON PANY 
THE NATIONAL SCREW & MANUFACTURING CO bad PARKER-KALON CORPORATION 
PHEOLL MANUFACTURING CO bd ROCKFORD SCREW PRODUCTS CO ° SCOVILL MANUFACTURING CO. 
SHAKEPROOF Div. OF ILLINOIS TOOL WORKS ad THE SOUTHINGTON HOWE. MFG. COMPANY 
STERLING BOLT COMPANY bd STRONGHOLD SCREW PRODUCTS, INC. ° WALES-BEECH CORP. 


ro © O SES B&O 


TODAY’S...-AND THE FUTURE’S 


THE BLAKE & JOHNSON CO. 


oe FINEST FASTENER 
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WIDE RANGE OF SIZES 
AND FINISHES 


GM Steel Tubing is available in 
welded single wall or copper 
brazed double wall construc- 
tion, in sizes from 4%” to %” 
O.D., and in straight lengths or 
in 120’ to 1000’ continuous 
coils. Choice of plain, Terne 
coated, copper plated, or Fuse- 
Kote (copper fused) finish. 


EASILY FABRICATED 


GM Steel Tubing not only lends itself 
readily to intricate bending but also 
to all types of fabricating operations— 
crimping, beading, perforating, 
swaging, expanding, drawing, 
flanging, flattening, knurling, 
threading. Rochester Products 

offers complete fabricating 

facilities, including the serv- 

ices of experienced 

General Motors engineers. 


“oa 


, 
SOLVES PRICE AND PRODUCTION PROBLEMS 


It's a far cry from a child’s toy to a mighty weapon of war—yet 
GM Steel Tubing plays an important part in the design and 
building of both. In hundreds of other products, too, this low 
cost steel tubing serves to advantage either for the passage of 
liquids or gases, or as part of the mechanical structure. 

Every day Rochester Products turns out hundreds of miles 
of GM Tubing in one of America’s most modern and best equipped 
plants. Into every inch of its manufacture go the skill and 
engineering “know how” gained through nearly 20 years of 
General Motors research and development. 

Whether you are designing new products or re-designing old 
ones, it will pay you to investigate the time-and-mioney-saving 
features of GM Steel Tubing. 


SEND FOR >’ BROCHURE 

Our new illustrated brochure, entitled “Look 
Abead with GM Tubing,” tells why GM Tubing 
is first in the field for lasting quality, adaptabil- 
ity and low cost. Send today for your free copy. 


ROCHESTER PRODUCTS ouvision oF GENERAL MOTORS 


Rochester, N. Y., U.S. A. 


GM STEEL TUBING 
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your clutch facing problems 


The equipment in this room, located at Armstrong's Research and Develop- 
ment Center, was specifically designed and built to give a new approach to the 
study of friction materials. 


This equipment is Armstrong’s Clutch Facing Test Machine . . . the best 
means yet devised to guide the development of friction material compounds. 


With equipment like this and years of experience in compounding, Arm- 
strong’s engineers can modify our basic friction materials to answer practically 
any wet clutch problem. 


Working with you, they'll help you find a facing material with the engaging 
characteristics, torque capacity, and service life you specify. 

Today, facings of various types of cork compounds are being used on jobs 
ranging from heavy-duty automotive transmissions to electric typewriters. 


Cork’s inherent high coefficient of friction makes it an excellent material for 
friction drive applications. This frictional capacity nermits lower face pressures, 
less slip, and smaller or fewer plates. Less slip means less temperature build-up 
and lower work loss. Engaging pressures from less than an ounce to loads up 
to 400 p.s.i. have been used successfully. 





Let us help you take advantage of cork’s 
many desirable characteristics. Whatever your 
wet clutch problem, we're ready to help you 
select a facing material designed to provide 
the unique combination of friction charac- 
teristics that your job requires. 


In preparation now is an informative man- 
ual, “Armstrong’s Friction Materials,” full 
helpful data on selecting the right facing ma- 
terial. You'll also find torque and deceleration 
curves for different compounds . . . a complete 
description on how you can use Armstrong's 
Clutch Test Facilities and a return check list Close-up of part of Arm- 
strong’s Clutch Testing Fa- 
cilities. Here, a full-size ex- 
facing materials for test. perimental automotive clutch 
submersed in oil permits 
To reserve your copy of this manual, write evaluation of facing mate 


» Armstrong Cork Company, Industrial Divi- caller hag Bye 
sion, 1203 Areh Street, Lancaster. the unit pictured, are set up 

“4 to record all test data on the 
main control panel 


on your clutch design to guide us in suggesting 


Pennsylvania. A copy will be sent as 





soon as it comes from the presses. 





ARMSTRONG’S 
FRICTION MATERIALS 











Multiple Circuit Jack Switch 
Designed for 400,000 Detent Operations 


Mailory experience produces With a single motion, this switch simultaneously 


connects a group of 12 circuits. It is designed with 


a single pole, single throw action per circuit. The 


precision jack switch ‘tuating springs and cam springs are nickel silver 
to government design specification 


The contacts are fine silver. 


This 12 circuit switch is representative of the wide range of special purpose switches 
manufactured by Mallory for exacting military requirements. Its precise construction 
is typical of the complete line of Mallory Jacks, Jack Switches and Plugs that are designed 
to fit an infinite range of circuit possibilities. They are sturdily built and will meet your 
most exacting specifications for performance and dependability. 

For qualified engineering service and technical data on the application of Mallory Jacks 
and Plugs to communications, testing and many types of electronic and electrical equip- 
ment, call Mallory today. 

ALLORY 


Expect more... Get more from MALLOR 


4 


Television Tuners, Special Switches, Controls and Resistors 
4 


P_R.MALLORY & CO. Inc SERVING INDUSTRY WITH THESE PRODUCTS: 
Electromechanical — Resistors * Switches * Television Tuners * Vibrators 

A L L 0 RP Electrochemical—Capacitors « Rectifiers * Mercury Dry Batteries 
Metallurgical —Contacts* Special Metals and Ceramics * Welding Materials 


MALLORY 2 £., -. ANDIANAPUats 6, INDIANA 
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=ORDER FOR 72 100 TUBING RECEIVED TODAY. 


SE———_"s (les A LT A TL 


SHIPPED FROM MILL STOCK TOMORROW= 


WILL BE 


RDER wear-resistant 52100 tubing today. We 
ship it tomorrow from our mill stock of one 


hundred and one sizes! 

A high-carbon chrome steel, 52100 manufactured 
by the Timken Company, is through-hardening in 
moderate sections and can often be used in place 
of more expensive steels. 

It can be heat treated to file hardness and tempered 
back to any desired point. And it’s available in sizes 
"to 10%" O.D., 


parts needs: aircraft parts, ball bearing races, pump 


from 1 to fill many of your hollow 


YEARS AHEAD— THROUGH EXPERIENCE AND RESEARCH 


SPECIALISTS 
March, 1953 


Product Engineering 


parts and plungers, collets, bushings, spindles, grind- 
ing machine parts and precision instrument parts. 
As America’s first producer of 52100 tubing, the 
Timken Company has unequalled experience that 
results in uniform high quality from tube to tube 
and order to order. Rigid quality control checks 
every step of production. 
For immediate delivery of your less-than-mill- 
quantity orders, write, wire or call The Timken 
Roller Bearing Company, Steel and Tube Division, 
Canton 6, Ohio. Cable address: ““TIMROSCO”. 


IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS TUBING 





SPECIFY 


GRAMIX. 


SINTERED METAL PARTS AND == SAVE TIME 
BEARINGS, OIL IMPREGNATED MONEY AND 


FOR SELF LUBRICATION ERIAL 
IF DESIRED MATERIA 


+ | tr 
AARP 


CL ee a 
\PRRR PRR AR RARER 


TKS tf. 
AAA ARAT 


IRON PIVOT BEARING 


22¢ 


NICKEL SILVER 


CAM 9¢ 


BRONZE YOKE LINK 14¢ 
IRON HUB SPROCKET 85¢ 
\ 92 


\ 3 a | 


\ ie \ 
GRAPHITE COMPANY 


THE UNITED STATES 


DIVISION OF THE WICKES CORPORATION *® SAGINAW, MICHIGAN 
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when af job takes guts 
here's # the gearmotor 
that has it.... 





Driving a pay-off reel at the new U. S. Steel 
Fairless mill. Pay-off Reel 
R d service and intermittent loading ar menufacsused by 
MESS service ~e . ing are The Aetna-Standard 
characteristics of this job and the compact, Engineering Co. 
low-cost, highly-efficient Foote Bros-Louis Allis _ installed in the 
Gearmotor was chosen because of its ability Fairless Mill of the 
“ U. S. Steel Corporation 

to render that service. 
These gearmotors incorporate Duti-Rated 


Gears, with file-hard tooth surfaces and ductile 


cores, assuring maximum strength with mini- 
Beller Power Trarirmisoton Through Caller oo 


mum size and weight. Available in single, 
double and triple reductions, to provide output 

FOOTE BROS. GEAR AND MACHINE CORPORATION 
Dept. W, 4545 S. Western Boulevard, Chicago 9, Illinois 


speeds of 780 down to 7.5 r.p.m. 
FOOTE BROS. GEAR AND MACHINE CORPORATION 

Please send me Bulletin GMA containing full information 
on Focte Bros.-Louis Allis Gearmotors. 





4545 South Western Boulevard * Chicago 9, Illinois 


Shi vntswaiiininnsaiaiaitenin 


Address 


Hygrode Line-O-Power Maxi-Power 
Drives Drives Drives 


Position 
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THEY SAY THAT 
SOME SHEAVES CAN 
EASILY BE MOUNTED 
IN ONE PIECE AND 
GIVE THE SAME 
SHAFT GRIP AS THE 
TWO -PIECE DESIGN 


FIGURE 1—TO MOUNT THE QD IN TWO PIECES 
you (1) slide the split hub on the shaft, (2) 
position it with the locking clamp-screw in the 
flange, (3) draw down on the set-screw over 
the key (QD exclusive) to prevent it from 
drifting, (4) slide the QD rim with its large 
taper bore opening up on the taper of the 
hub, (5) draw up on three heavy hex-head 
pull-up bolts for a tighter grip than you get 
with any other sheave. 


FIGURE 2—TO MOUNT THE QD AS A UNIT where 
a Woodruff key is ‘ised in a shouldered shaft, 
you (1) locate the loosely assembled hub and 
rim of the QD sheave against the shaft 
shoulder and (2) draw up on the three heavy 
hex-head pull-up bolts. ‘“hat's all there is to 
it. And you haven't sacriiiced any grip on the 
shaft. For removal, you simply use pull-up 
bolts as jack bolts in specially tapped holes. 


NO, CHARLIE... LISTEN- 
THE SHEAVE THAT GRIPS 
THE SHAFT TIGHTEST 

I$ THE ONE THATS 

DESIGNED TO 8E 

MOUNTED /N 
Two pieces / 


Let’s settle this one 
RIGHT NOW! 


You can’t have your cake and eat. it too. 


A one-piece sheave assembly may grip the shaft suffi- 
ciently tight for average use, but it won’t keep the shaft key 
from drifting. Your answer to this problem lies in an exclu- 
sive key set-screw in the hub of the two-piece Worthington 
QD* Sheave. The set-screw is tightened with the hub on the 
shaft before the rim is slipped on (figure 1). 


Of course, if you use a Woodruff key in a shaft with a 
shoulder, drifting of the key is no problem and you then 
can mount the Worthington QD assembled in one piece 
without any sacrifice of its famous friction-cone grip (figure 2). 


WORTHINGTON’S COMPLETE LINE OF MULTI-V-DRIVES 
includes QD sheaves in all sizes, QD Juniors and other 
fractional horsepower V-pulleys, as well as Worthington- 
Goodyear V-belts. Your distributor has complete stocks 
backed by the largest factory stocks you'll find anywhere. 
Write for Bulletin V-1400-B7l’ to Worthington Corpora- 
tion, Oil City, Pennsylvania. 

*Reg. U.S. Pat. Off. 
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The mM Junior V-Pulley 


TRADE MARK 


for fractional-hp applications 


offers all the advantages 
of its big brother 


Here’s the popular Worthington QD principle applied to a fractional- 
hp V-pulley! It will grip the shaft tighter than any other V-pulley now 
available. The cutaway shows how tightening of the large nut causes the 
taper-bored rim to force the tapered hub tight on the shaft. Removal is 
just as simple. 











No matter what your fractional-hp V-pulley needs 
WORTHINGTON has an answer... 


For smoothest 
performance from 
V-belt drives use 
WORTHINGTON- 

GOODYEAR EC Cord 
V-belts 


Each cord carries its 
equal share of the belt load, 
each belt—-its equal share 


Machined Steel V-Pulleys 
—3', in. and under 


Precision-bored for proper 
fit on shaft. Belt seats prop- 
erly, wears longer in accu- 
rately cut groove. 


COMPRESSORS 
AIR-COOLED. WATER COOLED 


PUMPS 
CENTRIFUGAL. ROTARY, 


Pressed-Steel 
V-Pulleys 


Heavy gauge, welded steel. 
Equal weight distribution 
assures accurate balance 
and vibrationless operation. 


GET MORE OF THE FACTS 


For all the facts write today for: Bulletin 
V-1400-B7F on stock sizes and specifica- 
tions of Worthington QD sheaves and 


MULTI-V-DRIVES 
QO SHEAVES AKO ¥ BELTS 


STEAM. POWER 


Cast Iron Bored-to-Suit 
V-Pulleys 


Accurately machined for 
true running and perfect 
balance. Full range of sizes 
with one or two grooves. 


Worthington-Goodyear V-belts. Bulletin 
*“HP-100 on FHP pulleys and V-belts 
Worthington Corporation, Oil City, Pa 


VARIABLE SPEED DRIVES 
ALLSPEED DRIVE 
ALLSPEED MOTOR Bait 


Specify These Worthington Standard Products on Your Equipment 
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of the drive load. A com- 
plete line. Also steel-cable 
belts for high capacities, 
HY-T cord belts for shock 
loads, and FHP belts 





| when the call 
Vv comes for a 


“Hr 


| change in shape, 
2 size or material... 
| 7 machines 


equipped with 


EEVES 


Variable Speed Drives make the 


“changec | 
geover” easier! oe | 
‘ ‘! faster! cheaper! 


In many plants only partially converted to permits machine speed to be adjusted to 
defense production, the machines you build =‘ match the skill of the individual operator. 
are being called upon to turn out military Beginners can work slowly while learning 
supplies part of the time and civilian prod- —a protection for costly machinery. Skilled 
ucts the rest of the time. Today they may be operators can work at high speed. But, 
producing 4 part made of steel, but tomor- always, uniform quality is maintained. 
row the schedule may call for an aluminum Reeves Variable Speed Drives—now 
part of different shape and size. standard equipmenton 2.615 leading makes 
These conditions place a premium on of machines—can be incorporated easily 
machines with top “changeover capacity” in your new designs because Reeves is the 
_,. machines that can be shifted quickly and _— only complete line of variable speed drives 
economically from job to job—from one in existence. Built around the three basic 
shape, size OF material to another. units shown opposite, it offers 4 wide 
That’s what REEVES Variable Speed selection of horsepower capacities, speed 
Drives can do for the machines you build. ratios and designs—with manual, electric, 
Give them extra “changeover capacity” by and completely automatic hydraulic or me- 
providing the right speed—with the turn chanical controls. 
of a handwheel, touch of a button, or auto- An experienced REEVES Speed Control 
matically, without stopping the machine— Engineer will be glad to give you complete 
for each different product or material. details in relation to your own particular 
REEVES stepless speed adjustability pays requirements. Write for his name—no obli- 
another important bonus, too—because it gation, of course. 


REEVES PULLEY COMPANY: > COLUMBUS, INDIANA 


Recognized leader in the specialized field of speed contre! engineering 
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for the machines you build, your choice 


of these three basicREEVES units 


VARIABLE SPEED TRANSMISSION 
provides infinite, accurate, stepless 
speed adjustability over a wide 
range—as high as 16 to 1. Sizes 
to 87 hp. 


VARI-SPEED MOTOR PULLEY con- 
verts any standard, constant- 
speed motor to variable speed 
drive. Speed variations to 4 to 1. 
Sizes to 10 hp. 





y 
accurate variable , 


Product Engineering — March, 1953 


peed 
¢ ontrl \ 


VARI-SPEED MOTODRIVE com- 
bines motor, speed-changing 
mechanism and geor reducer In 
one unit. Speed variations as great 
as 10 to 1. Sizes to 25 hp. 


A REEVES Vari-Speed Motor 
Pulley drives the conveyor to 
provide accurate time control 
for each of these six continuous 
draw furnaces installed in the 
Elgin (Ill.) plant of Shakeproof 
Inc.—a Division of Illinois Tool 
Works. Manufactured by Sun- 
beam Stewart Industrial Fur- 
nace Div., Sunbeam Corp., 
Chicago, the REEVES-equipped 
units provide close control in 
order to assure proper heat 
treatment, at highest produc- 
tion rate, for each of the many 
metal fastenings processed, 
some of which are shown in 
the inset photo, below. 


Ask for complete information, including engineer- 
ing drawings and technical data, on the full line 


of REEVES Variable Speed Drives and Controls. 
Send for catalog No. K73b-3N. 














LORD MOUNTINGS-- 
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Control Vibration 


in PORTER-CABLE’S 
106 PORTABLE SANDER) 


1A 
ie 


























The unique Lord application illustrated above accommodates 
controlled orbital motion of the sanding head in the Porter-Cable 
#106 Finishing Sander. “Lord Bonded-Rubber Mountings”, 
Porter-Cable reports, “outlast any mountings previously used 
because of the excellent bond between rubber and metal” and 
thus contribute much to the efficient operation of this popular 
Porter-Cable unit. You may have a similar problem to solve 
in the products you manufacture. Your request for information 
is invited. We will be pleased to consult with’ you on the appli- 
cation to your products of Lord Vibration and Shock Control 
Mountings and Bonded-Rubber parts. 


BURBANK, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 


233 South Third Street 413 Fidelity Union 725 Widener Building 410 West First Street 
Life Building 


DETROIT 2, MICHIGAM NEW YORK 16, NEW YORK CHICAGO 11, ILLINOIS ERIE, PENNSYLVANIA 
7310 Woodward Ave. 280 Mailison Avenue 520 N. Michigan Ave. 1635 West 12'h ‘Street 


LORD MANVJFACTURING COMPANY °* ERIE, PA. 


Headquat 
VIBRATION | 











(Advertisement) 

Lord Mountings Perform 
Unique Function On 
Porter-Cable Portable Sander 

One of the most unusual require- 
nents for the application of Lord 
BY I ded Rubber parts i i , 
Porter-Cable Portable Sander 106 
Here the orbital action of the sand 
ing component must be held within 
certain limits by the use of flexible 
rubber mountings fixed to the fou 
corners of the upper housing and 
the sanding component. High speed 
operation is necessary for achieving 
the desired smoothness of surface 
on materials to be sanded. 

Previously used mountings 
worked well for a time and then 
failed. The problem of longevity was 

up to Lord Headquarters for 

ibration Control in Erie, Pa. 

\nalysis of the problem showed 
that the correct rubber compound 
bonded to threaded metal studs 
would offer the desired flexibility 
with reasonable possibility of longer 
service life and subsequently less 
failures. Many tests were completed 
before adopting the mounting shown 
in the accompanying advertisement 
All objections to the operation of 
previous mountings were removed 
by this consultation with Lord En 
gineers and the results of their 
efforts. This is but another of many 
such typical solutions of the vibra 
tion problems of appliance manu 
facturers. These problem solutions 
nclude correct mounting of spin 
dryers on automatic washing ma- 
chines, isolation of transmitted vi- 
bration through fan hubs of room 
air conditioners, the mounting of 
mixing and blending equipment 
used by the modern housewife—in 
fact, wherever vibration and shock 
present an obstacle to satisfactory 
machine operation Lord Vibration 
Control Mountings are being engi 
neered for the job, The experien 
of more than a quarter century in 
dealing with vikration and shock 
problems is available to you in the 
solution of vibration problems. Your 
efforts to improve the operation of 
your product by controlling or iso- 
lating vibration will be more effec- 
tive when you consult with Lord 
Manufacturing Company, Erie, Pa 
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( Advertisement) 
New Lord Lattice Mounting 
Used To Advantage On 
Heavy Industrial Machines 


The Lord lattice mounting incor- 
porates many leatures of value to 
designers of heavy industrial eqn 1 
ment. These 
used for su 
Shakeouts 
manutactured 
Other app! 
cating or rot 
ing a hich degree of vibration isola- 
tion. ‘The load range for a lattice 
type mounting is 250-2000 pounds 
per mounting point. 


The lattice design of 1 


he rubber 
1 


section permits the load to be Car- 
ried by the rubber in shear... the 
softest practical type of support. 
Lattice type mo gs offer more 
stability in the horizontal plane. No 
lubrication is required thus lowering 
maintenance costs. Since there are 
no steel Sul - 1 cont tq lieter 
operation 1 sible. ‘The rubber 
section also offers greater isolation 
of noise that is easily transmitted 
through steel sprin lhe inherent 
damping of the rubber reduces the 
excursion of screen in passing 
through resonance on starting and 
stopping. No mechanical dampers 


are requ red. 


Ihe lattice type mounting offers 
excellent vibration isolation for the 
lower range of disturbins frequen- 
cies. For very low 
t! e mount 
series. The la 
ilso accommodal 
ot motion. 

I} e lattice d SI 
stance where 
vibration and 
proved val ible to 


Consult with Lord engineers early in 


the design pl ase of your products. 


Lord’s vast reservoir of experience 


Is yours tor the asking. 
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Lord Bonded-Rubber Lattice 
Mounting supports shakeout 
equipment, isolates vibration 
of screen providing protection 
for motor and drive assembly. 


Lord Bonded-Rubber Lattice Mounts are used for support of 
Foundromatic Shakeouts and Aero-Vibe Screens manufactured 
by Allis-Chalmers. The lattice design permits the load to be 
carried by the rubber in shear—the softest practical type of rub- 
ber support. Installed under the machine, the lattice mounting 
eliminates the overhead supporting structure necessary with the 
overhead coil spring suspension system. 

This is another illustration of how Lord Bonded-~Rubber 
parts are being used profitably in many industries. Consult with 
Lord engineers on your vibration or shock problems. We invite 
your inquiry. 





will 





BURBANK, CALIFORNIA DALLAS, TEXAS PHILADELPHIA 7, PENNSYLVANIA DAYTON 2, OHIO 
233 South Third Street 413 Fidelity Union 72S Widener Building 410 West First Street 
Life Building 


DETROIT “t, MICHIGAN NEW YORK 16, NEW YO®8K CHICAGO 11, ILLINCYS ERIE, PENNSYLVANIA 
7310 Woodward Ave. 280 Madison Avenue 520 N. Michigan Ave. 1635 West 12th Ltreet 


LORD MANUFACTURING COMPANY e ERIE. PA. 
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KLIXON”2 CONTROL 


Provide Dependable Temperature Control in York-Shipley Boiler Units 


York-Heat oil-fired table-top boiler units, manufactured by York- TYPICAL KLIXON THERMO-SNAP 
Shipley, Inc., York, Pa., are designed to do an outstanding job of home CONTROLS THAT CAN HELP 
= hot water heating. s eaicanlie ats SOLVE YOUR TEMPERATURE 
© insure accurate temperature control, York-Shipley uses Klixon TROL 
Thermo-Snap Controls in all their units. Mr. H. Leroy Mohn, project Ce Sees 
engineer, writes: “We insist on Klixon Thermo-Snap Thermostats in our 
house heating boilers because we find they accurately control unit operation. 
Klixon C4370 thermostats are used to control the operation of burners and 
circulators to automatically govern the temperature of the home and domestic 
bot water.” 
What's your temperature control problem . . . low and high limit con- 
trols, fuel delay switches, tube and rectifier cooling, fan switches, 
temperature control ... Klixon Thermo-Snap Controls are meeting the 
requirements for these and other applications in military and civilian 
products, daily. 
Klixon Thermo-Snap Controls are available in many hermetically 
sealed and open types in a wide variety of operating temperature ranges. 
Klixon Engineers, specialists in temperature control applications, can 
help you solve your specific problems. Write for their help or further 


KLIxoN 


SPENCER THERMOSTAT 
Division of Metals & Controls Corporation 
903 FOREST STREET, ATTLEBORO, MASS. 
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TYPE 4.30 The luster of Superior 130 Stainless Strip Steel conveys 

more than sparkling beauty in the bathroom. Its brilliance 

STAINLESS STRI P speaks of triumph over rust and corrosion, where damp- 

. é 4 tentie X ness and moisture abound. @ Superior 430 Stainless Strip 

—— STEEL Steel is your ideal choice for fixture fabrication. Its 

Po . work-ability is outstanding. Its brilliant luster, ease of 

r\ cleaning and strength in service are most desirable sales 
advantages. 


teas 


Do you have a tough moisture-corrosion problem? 


e Qur 430 Stainless is available in easy- 
3 Superior Steel ” 
N 


handling coils. Let us serve you! 
(ae)'110)'s eal ¢ 


PEN WN Y YV AWN A . 
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SPHERICAL BEARING ROD E 


From grass roots to 
Bucyrus-Erie Spu 
hitting, fast drilling actio 
half without beit 
mple, durable design of the machine and 
ponent parts . . . such as the Heim Unibal 
Spherical Bearing Rod Ends. 


capacity with hard- 


own a single hour for repairs, 
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New Waldes Truarc GRIP Ring requires no groove, 
holds fast by friction, can be used over and over again 


The Waldes Truarc Grip Ring is a new, low cost fastener 
that provides a positioning shoulder secure against mod- 
erate thrusts or vibration. Installed on a straight un- 
grooved shaft, the Truarc Grip Ring can be assembled 
and disassembled in either direction with Truarc pliers. 


The Grip Ring can be installed tightly against a machine 
part in order to take up end-play. The basic Truarc 
design principle assuring complete circularity around 
periphery of the shaft and the ring’s unusually large 
radial width combine to exert considerable frictional 
hold against axial displacement. The ring can be used 
again and again. 


Find out what Waldes Truarc Retaining Rings can do for 
you. Send us your drawings. Waldes Truarc engineers 


will give your problems individual attention without 
obligation. 


SEND FOR NEW CATALOG > 
_/ WALDES 


2» TRUARC 


REG.U.S. PAT. OFF. 


RETAINING RINGS 


WALDES KOHINOOR, INC., LONG ISLAND CITY 1, NEW YORK 


WALDES TRUARC RETAINING RINGS AND PLIERS ARE PROTECTED BY ONE OF BORE OF THE FOLLOWING 
U.S. PATENTS: 2.302.047; 2.902.948; 2.416. O52; 2.470.021: 2.420.341: 2.499.705; 2.441. 846. 2.495.165 
2.4803 380; 2.483 383: 2.487. 602. 2 487. 803: 2.491 306. 2.508.081 AND OTHER PATENTS PEROIEG 
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—-------------------- 
r Waldes Kohinoor, Inc., 
47-16 Austel Place, L.1.C. 1, N. Y. 
[) Please send me sample Grip-Rings 
(please specify shaft size ) 


[) Please send me the complete Waldes Truarc 
catalog. 
(PLEASE PRINT) 


Name___ 


Title 


Company___ 





Business Address______ SSE 


_— ——————— 


hor sue- enn ab ses Geena 


OY 





for complete, 
unified 
tool-making 


service............... 














Do you have to sweat out your own tooling 
problems? 


Or, worse yet, do you have to farm out the work 
piece-meal? 

Either way, it will pay you to investigate 
Kirksite Stamping Tool Service...a service 
complete in every respect. 

In one unified operation, we can take your 
problem off your hands right from the idea, sketch, 
blueprint or model stage. We can make and finish 
patterns and dies. Then from these we can turn 
out try-out stampings or moderate production runs 
... all in the same shop. 

You eliminate the need for “jack-of-all-trades” 
experience. You eliminate costly die-shop main- 
tenance. 

Better still, you by-pass the production difficul- 


ties of piece-meal operations and divided responsi- 
bilities. 














Kirksite* 


... proved-performance 


tooling j 


All in all, the Kirksite “package” means fewer 
headaches... quicker production ... lower costs! 
If you make aircraft stampings, automotive 
vehicles, business machines; any die stamped parts, 
in fact, you ought to know more about this service. 
Write for “Kirksite,” a free new booklet that gives 
you the up-to-the-minute facts on this complete 
service to cut tooling costs...tooling time. Address: 
National Lead Company, Kirksite Divi- 

sion, 900 West 18th St., Chicago, Illinois. 

Kirksite is a trade-mark registered in U. S. Pat. Off. 


by Morris P. Kirk & Son, Inc., a subsidiary of National 
Lead Co. *Reg. U.S. Pat. Off. 
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SOLVING COMMON GASKET PROBLEMS 


with Accopac Three interesting applications of 











A rmstrong’s new fiber gasket material 





APPLICATION: Oil cup seal on power lawn mower 
PROBLEM: Temperatures of 250°—300° F. demanded a heat-resist- 





ant gasket. However, the compressed asbestos-neoprene gaskets 
that were being used were too hard to permit a tight enough seal 
with thumb-screw pressure. 

SOLUTION: To get the compressibility he needs for a tight seal 
under light flange pressure, this manufacturer now uses 144” Ac- 
copac® AN-702 (asbestos). In addition to its unusual compressibility, 


Accopac has excellent heat resistance ... and won't harden and 





shrink when exposed to hot oil. 





APPLICATION: Cylinder-to-case gasket on tractor 
PROBLEM: Conventional glue-glycerine material was leaking badly. 


Hot lubricating oi] was causing excessive gasket shrinkage. In ad- 


dition, severe vibration often ruptured the gasket. 


SOLUTION: Accopac CN-705 (cellulose) was tested as a replacement 
Specifications called for at least 200,000 test cycles of leak-free 
performance. When tests were ended, Accopac had shown no signs 
of weakness in 569,000 cycles. This company’s engineers say of 


Accopac, “It's the best fiber gasket we ever tested.” 








APPLICATION: Wall panel seal for textile drier 


PROSLEM: Drier temperatures often reach 700° F. To eliminate heat 





loss caused by air leakage between sections, this manufacturer 


needed a compressible, impervious material capable of withstand- 
ing the high temperatures. 

SOLUTION: Accopac AN-702 (asbestos) was tried. Because of its 
good compressibility and heat resistance, a 14,” strip of Accopac 


almost completely eliminated air leakage—and heat loss. The flexi- 











bility of asbestos Accopac means easy handling on the job and 





eliminates a major source of leaks. 





Try Accopac when you need something extra in a fiber gasket. 
This new material is made by an improved beater saturation process that 
locks each fiber in an even coat of rubber. 


Accopac’s strong, uniform composition gives it high crush resistance 
{100,000 psi), a wide range of compressibility, good dimensional sta- 
bility, and imperviousness. Heat or fluid action won't cause Accopac to 
dry out and crack or shrink. A free booklet, ‘Armstrong's Gasket Ma- 
terials,"’ gives full information on Accopac. For your copy, call < 
your nearest Armstrong Industrial Div. office or write Armstrong 
Cork Company, Industrial Div., 6203 Arch St., Lancaster, Penna. 


ARMSTRONG’S ACCOPAC 


- 











0? Pinte cant TERE ae Seve 
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COMPARISON OF GRATE MATERIAL 
Gray iron sintering grates, at left, show bad 
sealing and warpage after a single month 
of use. 


Note good shape of Ductile Iron grates, 


DUCTILE IRON FURNACE DOORS SAVE MONEY, 
TIME AND LABOR—In ordinary iron, exposed 


above, after same service. They greatly out- to high temperature, internal oxidation 
lasted gray iron grates, 


easily penetrates along paths of flake graph- 
ite, thus causing destructive growth. Pene- 
tration is curbed in Ductile Iron, since its 
graphite is wholly in spheroidal form. 


DUCTILE IRON Sintering Grates and Furnace Doors 


excel in elevated temperatures 


Performance Records Show Outstanding Heat-Resist- 
ance of this New Material. 


Tests show that iron containing graphite wholly in 
spheroidal form provides notably greater growth re- 


sistance than ordinary gray iron. 


FOR INSTANCE: Gray iron and Ductile Iron grate bars 
in the Greenawalt sintering system of a merchant pig- 


iron producer gave the following performances: 


At the Canadian Furnace Company, Ltd., in Port 
Colborne, Ontario . .. from date of their installation, 
August 1950, to June 1951... no Ductile Iron grates 
needed replacements although 150 gray iron grates had 


to be replaced after 6 weeks’ service. 





The International Nickel Company, Inc. 
Dept. 20, 67 Wall Street, New York 5, N. Y. 


Please send me a list of publications on: 


DUCTILE IRON 
Name — - Title 
Com pany 


Address 





et seactmetes 


THE INTERNATIONAL NICKEL COMPANY, INC. 


79 
sé 


The sinter-plant foreman stated, “The Ductile Iron 
grates still seem to be as good as new.” Cast by Lakeside 
Foundry, Ltd., of Port Colborne, these Ductile Iron 
grates also out-performed steel grates tested previously. 


ANOTHER EXAMPLE: The forging furnaces of a leading 
steel plant now have Ductile Iron doors supplied by 
United Engineering and Foundry Company, Pittsburgh 
22, Pa. Gray cast iron doors which were subjected to 
24 hours’ continuous service daily, heat-cracked after 
an average life of about four weeks. A trial lot of an- 
nealed Ductile Iron doors lasted 17 weeks . . . or more 
than four times as long as those of gray cast iron. 


APPLICATIONS: As cast, as well as heat-treated Ductile 
Iron parts... serving at elevated temperatures in scores 
of machinery, engine and furnace applications . . . pro- 
vide a growth-resistance heretofore unavailable in gray 
cast iron. 


AVAILABILITY: Send us details of your prospective uses, 
so that we may offer a list of sources trom some 100 
authorized foundries now producing Ductile Iron under 
patent licenses, Request a list of available publications 


on Ductile Iron . . . mail the coupon now. 


67 WALL STREET 
NEW YORK 5, N.Y. 
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a “ght fastener... 


You wouldn’t intentionally slow down your 
production lines with inefficient tools or use the 
wrong machine for the job at hand. Isn’t it equally 
logical to make sure that every fastening job is done 
with a fastener that is “just right”? 


Differences in hardness and thickness of the tapped 
material require selection of the right type of tapping 
screw thread. This, in turn, works best with 


« 
selection of the right hole size. eee specify 


Lamson fastener engineers can advise you how to 


reduce the variety of fasteners and sizes at each Or 
assembly station, cut costs and improve assembly. 


Lamson control of quality and Lamson design produce 


. 
low drive torques—high strip torques. Solve your tapping s¢ rews 


fastening problems with Lamson Tapping Screws. 


The LAMSON & SESSIONS Co. 


1971 West 85th St. + Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio + Birmingham «+ Chicago 





Check the products below that interest you; tear off bottom of ad 
ond send to us for complete information. 


SEMS | TAPPING SCREWS | CAP SCREWS 
Pre-assembled Choice of round, "1035" Hi-Tensile 
lockwashers on pon, truss, flat oval, I Heat-treated steel. 
topping and mo- | hexogon ond Phil- { 

chine scruws. lips heacis. 


MACHINE SCREWS 


Precision made for 
fast economical 
ossembly. 


SQUARE AND \XEX 
MACHINE SCREW 
KUTS 
Semi-finished, hot 
pressed, cold 
punched. 


LOCK NUTS 


c 


SET SCREWS 
Cup point type, 
steel. { hardened ond 


Economical, vibra- j 
tion proof. Can be 
used repeatedly. | 


} COTTER PINS “1035” 


Steel, brass, alumi- 
| num ond stainless 


heat-treated. 


—— oe ee fe ee ee 
I 
! 
i 
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Specify POPE Precision Grinding Spindles and be 


certain of continuous production of finely finished parts. 


Look at the pair of thrust bearings. They eliminate 
any endwise movement of the shaft in either direction. 


Look at the double row cylindrical roller bearings. 
They have the rigidity to properly support the wheel 
for removing metal faster while producing 

fine surface finishes. 


Lubrication — POPE System — requires no attention 
for the life of the bearings. 


P-2652A 


Specify p f} p E POPE MACHINERY CORPORATION | 


PRECISION SPINDLES 
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G-E cord helps today’s 


appliances do a better job 


General Electric rubber-jacketed cords, designed for today’s appliances, 


are built to take day-to-day abuse. One example is G-E Type SV cord... 
a lightweight, flexible cord particularly designed for use on vacuum cleaners, 
food mixers, office machines, and similar light-duty equipment. The com- 
plete line of G-E Types S, SO, and SV cords will provide you with a depend- 
able, flexible cord for practically any type of light-, medium-, or heavy-duty 
electrical appliance or industrial equipment. G-E cords are available in 


several types of conductors and in a wide variety of wire sizes. 


On your assembly line 


The tinned-copper conductors of most sizes and types facilitate connections 
and reduce assembly cost by eliminating the necessity for a cotton separa- 
tor. The rubber insulation strips cleanly. You'll get economical assembly 
when you equip your products with G-E rubber-jacketed cords. For more in- 
formation, write Section W60-367, Construction Materials Division, General 


Electric Company, Bridgeport 2, Connecticut. 


* Registered 1 le r ener hile Company 


You COR fuel four confuilence in 
GENERAL @@ ELECTRIC 
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AND 


CABLE IDEAS 
for Product Designers 


Magnet Wire: For Class H appli 
cations (for 180 C and even 
higher temperatures) G-E Delta 
beston* is supplied with silicone 
varnish impregnation. This applie: 
to Deltabeston magnet wire insu- 
lated with either glass or asbestos 





Handy Booklet: 24-page booklet 
for product designers. Contains 
charts, specifications, applications 
for the standard line of G-E wires, 
cables, and cords. For daily ref 
erence. Write for your copy. 


Special Applications: Call on G.E 
when your application requires a 
special cable construction. We 
have assisted many designers in 
the past. We want to help you 


Flamenol: General Electric's 
Flamenol* wire has long-lasting 
thermoplastic insulation. Flam- 
enol wire is almost completely 
resistant to oils, acids, alkalies, 
moisture, ozone, and sunlight 
will not support combustion 
Where long life is important and 
space is limited, G-E Flamenol 
wire may be your answer. 





Up to 80 gpm, heads to 125 feet. 


Compact pump and motor requires only two bolts for installa- 
tion. Rigid construction holds alignment for longer bearing 
and seal life. Mechanical seal. Open impeller economy model 
does adequate job on many installations at very low cost. 
Closed impeller model for higher heads. Also available as 
frame-type pump for scparate mounting 





Electrifugal pump 
Up to 500 gpm, heads to 220 feet. 


Only pump with unit-cast frame. Motor and pump are 
mounted on a single shaft in a one-piece rigid cast-iron 
frame. Alignment is rigidly held but there is plenty of space 
for raaintenance. Installation requires only four bolts. Stand- 
ard pac king or mechanical seal available. Also built as frame- 
type pump for separate mounting 





Supporting adapter pump 
Up to 2500 gpm, heads to 550 feet. 


Flange motor and pump mounted on sturdy cast-iron sup- 
porting adapter. Motor and pump use same shaft. Rigidity 
assures vibrationless operation and Jong bearing life. Only 
four bolts required for installation. Available with standard 
pac king or mechanical seal. Built in same ratings as frame- 
type pump for separate mounting 





FREE ENGINEERING HELP 


OUR ALLIS-CHALMERS PUMP REPRESENT- 
b oo is thoroughly familiar with the 
pump problems of equipment designers. He 
can ofier you valuable time and money-saving 
Suggestions in planning your equipment. 


When you need help on a pump problem, 
call your nearby Allis-Chalmers District Office. 
Write Allis-Chalmers, Milwaukee 1, Wiscon- 
sin for Bulletins 52B7529, 52B6140 and 


52B6083 describing these designers’ pumps. 
A-3969 


Electrifugal is an Allis-Cholmers trademark. 


ALLIS-CHALMERS 
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Services Available. 
Designing * Engineering 
Die Making * Metallurgical Control 
Most Modern Die Casting Equipment 
Complete Machining, Polishing and 
Assembly Facilities 


a 


DIE CASTING 


CHICAGO, ILL., 4535 FULLERTON. AVE... 


, produced under 
controlled process technique 


that insures quality. 





How does U.S. Rubber 


help speed up the 


forming of sheet metal? 





Sheet metal blank is placed on the die 


y > ; ‘ . . . = before pad of resilient material presses 
His six-sided hydro-press used in the Guerin Process is down ca it. 


equipped with male dies—with U.S. Rubber’s resilient 
HOMOGENEOUS press forming pads utilized as female 
dies. The press forms a sheet of metal into various designed 
metal pieces by pressing it between the homogeneous rubber 
pad and the forming dies. 

United States Rubber Company engineers developed this 
homogeneous pad to meet every exacting specification of Rubber pad bescenss comnleediy exaregped 
the aircraft manufacturer. It makes possible better formed and flows under pressure into the open 
parts—by providing pressure throughout so that every part spaces, thus completing the forming. 
of metal is subject to proper forming pressure. The lami- 
nated pads originally used did not last long, due to ply- 
separation, and failed to provide uniform pressure. 

Like many another manufacturer, the maker of this 
hydro-press has found that “U.S.” engineers tackle indus- 
trial problems and lick them. Maybe they can help you. 
Write to address below. 








Press cycle is completed by raising pad 
which regains original shape. Part stays 


Product of formed to die. 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION «+ ROCKEFELLER CENTER, NEW YORK 20, N. Y. 
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DEPENDABLE... because they’re ENGINEERED 
FOR RUGGED SERVICE 


Reliance Totally-enclosed Fan-cooled A-c. Motor. 

All other standard enclosures available, with 

wide choice of mechanical designs and special 

mountings. Ratings from % to 300 bp. 

Rugged Reliance A-c. Motors are proving that “All Motors 
Are NOT Alike” on grueling jobs in every industry. Heavy 
shafts, bearing to bearing—indestructible pressure-cast alu- 
minum rotors—shock-resistant frame and bearing-bracket 
construction—man-sized conduit boxes—pressure-welded 
core laminations—and tough Reli-X insulation are among 
the many features that make these motors the most depend- 
able, most economical that vou can buy. 


To see for yourself why these better motors will perform 
better on your job, call an Application Engineer at the 


WHY THE RELIANCE 
PRE-LUBRICATED BEARING 
DESIGN IS BEST 


The Reliance pre-lubricated 
bearing provides four times more 
operating hours without re-lubri- 
cation than any other bearin 

used in motors today. And 
— whatever your lubrication 
schedule—yow just can't grease 
"em wrong! To get the complete 
“inside story” on motor bear- 
ings, write today for Bulletin 
B-2201. It contains hard facts 
on the acvantages of the 
Reliance pre-lubricated bear- 
ing design, with cutaway view, 
cross-section diagram, compar- 
ison chart, and statements by 


Reliance Sales Office nearest you. B-1452 bearing manyfacturers. 


RELIANCE tncinere 
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when you specify 


schedule 


5 pipe 


You gor graalon. Slaw 
and. Cafpncati. 


light wall schedule 5 pipe 


WHAT SCHEDULE 5 PIPE iS— 

A light wall pipe, Carpenter Schedule 5 gives you 
more feet of pipe for every pound of scarce stainless 
steel. So you can quickly see how Schedule 5 
reduces your cost per foot. Plus the fact that the 
larger I.D. means increased flow area. 


HOW SCHEDULE 5 REDUCES COSTS 
First saving is 40°) to 50% on the cost of your pipe. 
Since Schedule 5 is considerably lighter, this means 


quicker and easier installation. 


And, because the increased capacity of Schedule 5 
lets you use the next smaller pipe size, you can 
reduce substantially your costs of valves, fittings, etc. 


FITTINGS ARE AVAILABLE 
This pipe is easily adapted to use with existing lines 


( arpenter 


STAINLESS TUBING & PIPE 


of tubing or Schedule 40 and 10 pipe, using simple 
connectors. Fittings as well as stocks of Schedule 5 
pipe are carried by conveniently located Carpenter 
distributors. 


ADDITIONAL ADVANTAGES 
Tubing sizes can now be replaced 
with light wall pipe...for ready 
hook-up with standard valves, pumps 
and other equipment which is normally 
manufactured in pipe sizes. 


Data Sheets give you complete information about 
Carpenter Schedule 5 Stainless Pipe. Write for your 
personal copy. THE CARPENTER STEEL COMPANY, 
Alloy Tube Division, Uaion, N. J. 


Export Dept.: The Carpenter Steel Co., Port Washington, N.Y. “CARSTEELCO” 


or 
gp SOMOSION 


eee 


+ Jraiysis —" +) . “ A ee i> i 


- -_ 2 on every shipment 
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window shopping costs nothing... 
can save you lerty 


It pays to“shop around” before you 
make your power transmission or conveyor chain 
selections. Because, in order to get the most for your 
money, you need the right chain for your designs. 
For example, a precision-finished roller chain is 
ideal for high speed drives. But, roller chain is not 
the economical, efficient choice for slow speed, 
heavy-duty service. A heavy-duty steel or cast chain 
may be your answer here. That's why it will pay 
you to “shop” through the complete Chain Belt line 
before you make your choice. There’s a size and 
type to fit any power transmission or conveyor need. 


Don’t be handicapped by relying on a supplier with 
a limited line to answer all your needs. It may cost 
you more...may handicap the expected perform- 
ance of your machines. 

Your Chain Belt Field Sales engineer will be 
happy to assist you in making the exact chain selec- 
tion that best fits your requirements. He is not 
prejudiced by the limitations inherent in an incom- 
plete chain line...can recommend the chain that 
will give you the service you want...at the lowest 
possible cost. For complete information or engi- 
neering assistance, mail the coupon. 


Cheesiees Beet company of miLwaukee 


CHAIN BELT COMPANY 
4715 W. Greenfield Ave., Milwaukee 1, Wis. 


Gentlemen 
Please send me information on Rex and Baldwin-Rex chains 


2 For Power Transmission [) For Conveying [ For Tension Linkages 
Atlanta «+ Baltimore « Birmingham « Boston « Buffalo « Chicago 
Cincinnati « Cleveland « Dallas * Denver « Detroit + El Paso « Houston 
Indianapolis « Jacksonville « Kansas City « Los Angeles « Louisville 
Midland, Texas « Milwaukee + Minneapolis »« New York « Philadelphia 
Pittsburgh «+ Portland, Ore. + Springfield, Mass. «+ St. Louis 
Salt Lake City + San Francisco + Seattle + Tulsa * Worcester 


Distributors located in principal cities in the United States and throughout the world 
EXPORT OFFICES: Milwaukee and 19 Rector Street, New York City. 


(2) Slide rule drive selector for slow to medium speeds 


Company..... 


Address 
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STEEL WOOL bursts into flame under a 
jet of fluorine gas in an experiment at The 
Whitemarsh Research Laboratory of The 
Pennsylvania Salt Manufacturing Company. 


When Metal Bursts into Flame 


Imagine, if you can, an element so 

fierce it burns up steel. One that 

claws its way through fire-brick ... 

makes water burn like alcohol...de- 

stroys almost everything it touches. 
That’s fluorine for you! 


And for over two hundred years 
chemists racked their brains to find 
some material that would hold 
fluorine. Hold it for even a few min- 
utes’ study. 

Numerous materials — all consid- 
ered dependably resistant to cor- 
rosion — were tried. Most went up 
in a flash. 

Some few seemed to work, mo- 
mentarily. But let temperature rise 
a trifle, or pressure build up...ora 
trace of moisture seep in... then dig 
out the wreckage and start over. 


Finally Nickel and its alloys were 
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tried. They work. They last for 
months where other materials failed 
in days or weeks. 

Today, you find Nickel and Inco 
Nickel Alloys in equipment that 
produces fluorine...in pumps and 
piping and valves where fluorine is 
compressed, stored, and processed. 
Nickel and Inco Nickel Alloys hold 
fluorine, even under heat and pres- 
sure. By the way, if you would like 
to know more about fluorine, ask 
us for a copy of “Fluorine Makes 
Its Debut.” 


When you have a metal problem 
If it’s corrosion, it can’t be any 
tougher than that caused by fluor- 


Inco Nickel Alloys 


ine...and the solution may be found 
in Inco Nickel or one of the Inco 
Nickel Alloys. 

Inco corrosion engineers are ready 
to help you. They’ve prepared a Cor- 
rosion Data Work Sheet to make it 
easy for you to outline your prob- 
lem to them. Write for it, without 
obligation, of course. 


Or perhaps your metal problem 
concerns temperatures—high or low 

. Stresses or fatigue resistance. 
Whatever it may be, Inco engineers 
will gladly help you find the answer. 
The International Nickel Company, 
Inc., 67 Wall St., New York 5, N. Y. 


Moneli®) ¢ “R''®) Monel ¢ “K"'® Monel 
KR"® Monel « “S''® Monel ¢ Nickel 

Low Carbon Nickel * Duranickel® * Inconel® 

Inconel “X"'®) © Incoloy® ¢ Nimonics® 
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*From nose to tail, the famous Fairchild “Flying Boxcar” 


is manned by unseen hands—4 different types of Lear Products, 





performing a dozen different tasks. Included are such 
precision-engineered electro mechanical products as Linear and 
Rotary Actuators, Flexible Shafting and Screw Jacks 


Operating cowl flaps, trim tabs, air exit flap, main gear up-lock, 
paratainer door—helping regulate and control the flow of air 
to engine, cockpit, and cargo—performing many other exacting 
and varied tasks, Lear electro-mechanical components and 
systems are m iking essential contributions to the vital service 
rendered by the C-119. 

In the field of electro-mechanical actuation and controls, 
trventy-one years of engineering development, design, and 
precision manutacturing have earned for Lear a position of 


recognized leadership in flight control. 


GRAND RAPIDS Dison Abs ‘ : LEAR LINEAR ACTUATOR Series 401— 


precision engineered, installed in military 
110 lonia Ave. N.W., Grand Rapids 2, Michigan and commercial aircraft, is typical of the Lear 
electro-mechanical actuators designed to meet 


Lear-Romec Division, Elyria, Ohio the exacting requirements of the C-119. 


LearCal Division, Los Angeles, California 
Lear, Incorporated, Grand Rapids 2, Michigan 


OTHER 
ELECTRO-MECHANICAL 
EQUIPMENT: 


Electronic Temperature 
and Positioning 
Controls * Magnetic 
Clutches + Sub-Minic- 
ture Motor Generators 
* Motor-Driven Preci- 
sion Gear Mechanisms 
* Serve Motors 


ROTARY ACTUATORS POWER UNITS ELECTRIC MOTORS 





Another new development using 


B. F. Goodrich Chemical =~ =~: 


a 


Typical use of Hycar nitrile rubber for small-sized 


gasket--on Spirakore Distribution Transformer. 


GIVES SEALS 


"9 LIVES”! 


MPA thi py). 


MATOS, 





IMAG AA | 


Photos courtesy of General Electric Company, Schenectady, New York. 
B. F. Goodrich Chemical Company supplies the Hycar rubber only. 


Transformer gasket made of Hycar boasts many improvements 


ASKETS for sealing giant trans- 
G formers like the one pictured 
used to cause many problems. Leak- 
age was the worst. If liquid leaked 
out, Or water or moist air leaked in, 
operating efficiency dropped and serv- 
ice and maintenance costs went up. 


But when Hycar nitrile rubber was 
tried, engineers found in it the nine 
important gasket material advantages 
they'd been looking for. 

See what Hycar nitrile rubber does! 


It resists attack by hot insulating oil 
or Askarel 

Will not swell in contact with hot 
insulating oil 


Does not contaminate insulating oils 


Resists permanent deformation un- 
der compr>ssion 


Ages well 

Has low permeability to water vapor 
Is reasonable in cost 

Seals without use of adhesives 


Has excellent physical properties for 
assembling 


Hycar nitrile rubber compounds 
have helped solve many difficult prob- 
lems—have helped improve and devel- 
op many saleable products. Perhaps 
Hycar is just what you're looking 


for. Helpful information for the ask- 
ing —just write Department HT-2, 
B. F. Goodrich Chemical Company, 
Rose Building, Cleve'and 15, Ohio. 
Cable address: Goodchemco. I: 
Canada: Kitchener, Ontario. 


B. F. Goodrich Chemical Company 
A Division of The B. F. Goodrich Company 


Hycar 


American Rubber 


GEON polyviny! materials e HYCAR American rubber ¢ GOOD-RITE chemicals and plasticizers « HARMON organic colors 
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‘.. to eliminate hit-or-miss 
machine lubrication 


Z 


a 


ALEMITE Accumeter 
CENTRALIZED LUBRICATION 


extends the protection of automatic lubrication 
to virtually any machine 


» 
Adjustable 


Outpuy Cap 


meter ow a 
vid oil or light g ”" 
re 


Type } Accu 
For ¢j 
del; 





“ering from 005 + 
Adjustable 


’ 2Vtomati¢ 


Centralized lubrication with Ale- 
mite Type I Accumeter can make 
your machines produce more, last 
longer, and cost less to run—impres- 
sive savings at low cost! This simple, 
single-line system is completely ver- 
satile—easy to design, easy to build 
into any machine because valves fit 
lirectly on bearings, re‘lacing 
grease fittings, oil cups or reservoirs. 
In seconds, in a fraction of the time 
required for hand lubrication, Ale- 
mite Accumeter Lubrication System 
delivers the exact, measured amount 


of clean oil or grease from one cen- 
tral point to all bearings of a ma- 
chine. The machine keeps operating 

no production time lost—no bear- 
ings are missed. No wonder 95‘% of 
big plants buying machine tools spe- 
cify centralized lubrication! 


Type ? Accumeter Systems serve 
single machines or groups of ma- 
chines with semi-automatic or fully 
automatic lubrication. It is just one 
of three types of Accumeter Systems 
made by Alemite to meet your exact- 
ing requirements. 


FACTORY-TESTED . . . FIELD-PROVED 


Proved in the field. Exhaustive tests showed no variation 


in the amount of lubricant discharged . . 
73,312 lubrication cycles, equal to 122 


twice-a-day service. 


ALEMI 


REG. U. S. PAT. OFF, 
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. even after 
years of 


TE 





Operas 
oNon “vailabi. 


tee 


ALL THESE ADVANTAGES! 


®@ Eliminates shutdown time for lubrication. 
Adds productive time to machine output. 


© Seals completely against dirt, 
grit, water all the way from 
“Barrel-to-Bearina.” 


© Prevents bearing troubles due to neglect 
or use of wrong lubricant 


® Service: all bearings—including 
those inaccessible or dangerous— 
in one operation 


® Avoids work spoilage and bearing 
repairs due to over-lubrication. 





They Haul 


Yet They have 
One A 


BETHLEHEM 


STEEL 


tn 


It would be hard to select three vehicles that 
vary more in design and pwpose than these. But 
dissimilar as they are, they all share one impor- 
tant feature—each is built with low-alloy, high- 
strength Mayari R 


There seems to be no limit on the types of 
trucks, trailers and other highway vehicles that 
can be built better with this versatile steel. In 
some instances vehicle designers are interested 
primarily in increasing strength; in some they 
are interested solely in reducing deadweight 
without sac rificing strength; in others they aim 
at a middle course by combining a moderate 
increase in strength with a corresponding reduc- 
tion in deadweight. Engineers have their choice 
when they work with Mayari R. 


Oil, Machinery and ice Cream 


a a 


Another thing that can be counted on with 
this steel is increased resistance to atmospheric 
corrosion. Mayari R will resist corrosion dam- 
age 5 to 6 umes longer than plain carbon steel 
of equal gage. It will also retain paint up to 
80 pct longer, depending upon the composition 
of the paint aan 

Get more information on Mayari R. Take 
advantage of its properties to improve your 
present designs. Our Catalog 259 will explain 
Mayari R features and applications in detail 


BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products are sold by 
Bethlehem Pacific Coast Steel Corporation. Export 
Distributor: Bethlehem Steel Export Corporation 
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BUY NO 
RUBBER 


until you’ve investigated 


G-E SILICONE RUBBER: 


In the market for rubber parts? Then you'll want to lasting rubber parts for applications heretofore 
investigate the amazing advantages of General impractical with ordinary elastomers. It means: 
Electric silicone rubber before you buy or specify. Increased safety factor —vital to aircraft 
Designers find G-E silicone rubber solves prob- Less replacement cost 

Less rubber parts inventory 


e 
lems where conventional rubber fails... that it @ 
© 


[eo — sal , 
does jobs no other rubber can de A minimum of customer complaints due to 


For example, G-E silicone rubber remains flexible failure of conventional rubber 
from —100 to 506 F and has unusual resistance to And ...G-E silicone rubber can add important 
weather and chemical attack. This means long- “sales pluses” to your product lines! 


Get more information! Why not send 
today for a free booklet, “Imagineering 

with Silicone Rubber”? It describes 

the amazing properties of this material 

and its applications. Find out how 


CLIP AND MAIL TODAY! 


General Electric Company 
Section 353-2B 
Waterford, New York 


G-E silicone rubber—now three times 

stronger than early varieties and available 
in many new forms—is more useful Please serid me. free. your new booklet “Imagi- 
than ever. Just mail the coupon. neering with Silicone Rubber.” | am interested in 


G-E silicone rubber for 


( ) Seals and gaskets ( ) Belting 


' 
‘ 

i 

| 

i 

} 

! 

1 

! 

| 

*se ! 

G-E silicones ( ) Wire and cable insulation ( ) Boots, sleeves 

| 

| 

! 

1 

! 

I 

1 

l 

1 

| 

i 


( ) Tapes and cloths ( ) Hose and 


bellows 
fit in your future 


( ) Sponged products ducting 
Name 
Address 


GENERAL @@ ELECTRIC 


City 


ineetodieeneemenenemenenmemnananl 
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If you make any parts like these... 


Piston Pins Jacks 
Pump Cylinders Gun Barrel Drills » H 
Axles (front and rear) Axle Housings ‘ 


Bearing (Races) Propeller Shafts 


Airbrake Parts Bobbins 


Drag Links Push Rods 


Table Ro'lers Rocker-Arm Shafts 


Exhaust Lines Hollow Spind!es 


Drill Shanks Shock-Absorber Casings 








Frame Spacers Spring Bushings 


Grease Guns 





lroner Rolls > 

Armature Bod'es Tie Rods 7 . | 
Hydraulic Breke Lines Drill Collars 
Wier Cobes Torque Tubes ‘y 
— —_ Spool Holders : : 

ylinders ‘ 4 

Ign'tion Wire Tubes Golf Shafts ‘ : ‘ 
Radice Parts Transmission Parts ee ae \ i 
Bushings Spindle Caps , : 
é yi 






| wm 








oe x. youcan "eee 
f = Sa make them ios 


; billet, fale andat Meas cove 


with SHELBY SEAMLESS STEEL TUBING 


ECAUSE Shelby Seamless comes to you with the metallurgically and dimensionally accurate as the 
basic shape and hole already made you can elim- first part produced. 
inate or greatly reduce many time and labor-con- Shelby Seamless Steel Tubing ts available in a com- 
suming operations connected with boring and ma- plete range of sizes; in different wall thicknesses; vari- 
chining. You also save the wear and tear on expensive ous finishes and steel analyses. Our engineers will be 
tools, as we ll as the needless waste of steel. glad to submit recommendations based 
\nother important advantage in using Shelby on a study of your particular require- 
Seamless Tubing is that its excellent machining ments. 


ae n ea a a sillcaaillas All Shelby Seamless Tubing is pierced from 
characteristics and uniformity speed up production sal Ailicts a8 cnllenen deck Gis bs Oe Gon 
manufacturing method that assures absolute 
uniform wall strength. 


and improve the quality of your output. You can turn 
t parts by the millions and the last part will be as 
NATIONAL TUBE DIVISION, UNITED STATES STEEL CORPORATION, PITTSBURGH, PA. 

( Tubing Specialties ) 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


U-S°S SHELBY SEAMLESS MECHANICAL TUBING 


U N ITeE OD > tav € §& oo ee S 


B. F. Goodrich RIVNUTS give new way 
to fasten leveling feet... cut costs! 





Rivnuts provide at least 6 clean 
threads in one simple operation! 





2 Rivnut is inserted—head 
firmly against work —tool 
at right angles to work. 


1 Rivnut is threaded onto 
pull-up stud of a manual 
or pneumatic heading tool. 





4 After upset, Rivnut threads 
are still clean and intact, 
ready for screw attachment. 


3 Tool lever operates pull- 
up stud, forming a bulge 
in the Rivnut shank. 











Compare these 4 methods of putting 
screw threads in thin sheet metal 





Wlillts Wilh, 


rn —— eam 


Tapped—2 threads Pierced anc tapped— 


3 threads 








Projection welded— 


4 threads Rivnut—at least 6 threads 














BEGoodrich RIVNUT 
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= E DESIGNERS were looking for a way to fasten 
leveling feet to the bottoms of refrigerators, stoves and 
automatic washers. The metal was too thin to tap, and welding 
would warp it. Besides, the threads would be ruined in the 
enameling process. 


All these problems were solved by a B. F. Goodrich Rivnut 
—the only one-piece blind rivet with threads! Working from 
one side of the cabinet, one man installs the Rivnut in a few 
seconds. The easy-to-use power heading tool forms a bulge 
in the Rivnut shank—a “second head” that tightly grips the 
material. At least six threads remain clean to take the leveling- 
foot screw—more than enough to take the heavy loads. Instal- 
lation is made after enameling without marring the finish. 


Besides these advantages, the quick, simple installation of 
Rivnuts saves time, cuts assembly costs. For help on your 
fastening problem, write The B. F. Goodrich Company, 
Dept. PE-33, Akron, Ohio. 


SEND NOW 
FOR FREE RIVNUT 
DEMONSTRATOR 


Demonstrates with motion how 
you can use Rivnuts to fasten 
TO and fasten WITH. Explains 
construction, gives proved ap- 
plications .. . Write for your 
free copy today to the B. F. 
Goodrich Company, Depart- 
ment PE-33, Akron, Ohio. 


The only one-piece 
blind rivet with threads 

















HOW MORSE EQUIPMENT ADDS 10 LONG LIFE 
OF SAWMILL MACHINERY, T00 


The Portland Iron Works manufactures a line 
of fine sawmill machinery noted for long, 
uninterrupted service life despite constant use 
under unfavorable working conditions—high 
humidity, dust- and grit-laden air, destructive 
vibration. 

To help maintain that reputation, Portland 
Iron Works relies on Morse Power Transmis- 
sion Products—also noted for long, uninter- 
rupted service life. 

Morse Roller Chains 
Morse Roller Chains transmit power positively 
with less than 1‘ friction loss, run equally 
well on long or short centers. They contribute 
unusual stamina and long service life to any 
machine on which they're used, outlive the 
machine in many instances. They are trouble- 
free in operation, help you reduce customers’ 
maintenance costs, 
Morse Morflex Couplings 

Morse Morflex Couplings compensate for mis- 
alignment between driving and driven shafts. 
They dampen vibration, operate noiselessly, 
require no lubrication or adjustments. They're 
compact in relation to capacity. 

Let us give you details on Morse Products 


for your power transmission applications. Or< 


if you choose, write for Morse Roller Chain 
Catalog C51-50 or Morse Morflex Flexible 
Coupling Catalog C41-48. Other products in 
our line: overcenter clutches, multiple-disc 
clutches, roller- and silent-chain couplings, 
drive shafts, silent chains, double-pitch roller 
chains, cable chain, Hy-Vo Drives. 


MORSE CHAIN COMPANY 
Dept. 445 + 7601 Central Ave. + Detroit 10, Mich. 


* Long Service Life, Engineering Service Quality —which 
you get in unusual degree when you buy Morse 
Power Transmission Products, -- 


lbove: Closeup of Morse Morflex 
Coupliig (see arrow) and Morse 


# Roller Chain Drives which contribute 


materially to long, trouble-free life of 
Portland Iron Works’ Six-Inch Gang 
Edger shown below. Driven shaft on 
which 24” saws are mounted is con- 
nected to shaft of 30-60 hp. motor by 
Morse Morflex Coupling. Five Morse 
Roller Chain Drives are combined in 
separate power transmission system 
driving two infeeding and two outfeed- 
ing rolls which propel lumber. 


—— oe ae oe ee ee ee ee oe ee oe 


: MORSE 


MECHANICAL 
POWER TRANSM/SS/ON 


PropuctTs 


Tscnaanaaae 
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Table-based utility cab- 
inet has four drawers, 
each molded of black 
BAKELITé Phenolic Plas- 
tic, faced with ‘‘For- 
MICA,” combining dura- 
bility with good looks. 


Utility cabinet features 
four drawers of black 
BAKELITE Phenolic Plas- 
tic to complement an ad- 
jacent door of wood. 
They are easily cleaned, 
strong, smooth-working. 


Adjustable cocktail table 
with two drawers of 
BAKELITE Phenolic Plas- 
tic, in rich self-contained 
ebony finish. They con- 
trast handsomely with 
the soft-grained wood. 


. i 


Keynoter Series furniture designed by Edmond J. Spence 
for the Warren Furniture Manufacturing Co., Paterson, N. J 


ONE-PIECE MOLDED PLASTIC DRAWER 
KEYNOTES NEWEST FURNITURE DESIGN 


Designers of contemporary furniture 
are looking to contemporary mate- 
rials to express their ideas. Latest 
proof of their success is this drawer 
molded of BAKELITE Phenolic 
Plastics. 

It has several advantages over 
conventional drawers—in design, 
manufacture, and use, With its 
rounded corners and absence of 
seams, it’s easier to clean. Precisely 
molded, smooth, light in weight, it 
fits perfectly in place, slides open 
quietly and effortlessly. It with- 
stands moisture and heat — won't 
swell, crack, or warp in normal use. 
Fast mass-production keeps its cost 
low. 

The drawer illustrated is a rich 
ebony black that harmonizes with 
the modern woods—ash-blond korina, 
simed oak, dark mahogany. It could 
also be mclded in other colors, such 
as red, brown and simulated wood- 
effects. The soft satin finish is ac- 


quired in the molding operation. The 
drawer can also be faced with wood 
or other materials. 

BAKELITE Phenolic Plastics have 
properties that inspire fresh, new 
designs. They are readily applied to 
the production of large-size mold- 
ings, of which cabinets for air con- 
ditioning units and television sets 
are typical. You, too, can profit 
through the use of these materials. 
BAKELITE engineers can help you. 
Write Dept. PH- 10. 


BAKELITE 


TRADE MARK 


PHENOLIC PLASTICS 





&)- 
reset \ OO Jesse 
BAKELITE COMPANY 


A Division of 
Union Carbide and Cerhon Corp. 


30 East 42nd $t., New York 17, N.Y. 


Work Gloves coated with VINYLITE Brand 
Resins outlast other types 10 to 1. They 
withstand abrasion of wire, steel concret 
blocks, wood Resist chemicals, oil, water. 
Stay flexible, give sure grip. By Plasticote 
Glove Co., Milwaukee, Wis 


Housing and Shade for Klip-Lite that 
fastens where u.eeded, are molded of BAKE- 
LITE Phenoli Plastic for light weight, ease 
of manufacture. good electrical properties. 
By Cable Electric Products Incorporated, 
Providence, R ' 


Door Shelves for Servel “Automatic Ice- 
Maker” refrigerator are made of BAKELITE 
C-11 Plastic, which provides strength, tough- 
ness, sharp detail, ease of cleaning, and resist- 
ance to food acids, oil, temperature extremes. 


Molded by Kusan, Inc. Nashville, Tenn, 
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See what adhesives are doing today! 


€ 


A 
Guarding Stratojet skin 
against bruising speeds 


\ » 
> 
Te, 


Raindrops can do a lot of damage—especially when you meet 
them head-on at the speed of sound. Dust particles 

can be equally harmful when they blast the leading edge of an 
airplane wing in high-speed flight. 


Shielding airfoil surfaces against these conditions called for a 
specialized type of coating that would be super-tough, yet flexible 
enough to “roll with the punch” of rain and dust. 

3M’s solution to this problem was a rubberized plastic coating that 
could be sprayed on airfoil surfaces right on the production 

line. This coating provides a light-weight, long-lasting finish that 
guards Stratojet skin against bruising speeds! 


See what adhesives car do for you... 

Whatever your line of manufacturing, there's a 3M adhesive, sealer 
or coating made to fit your needs. Your 3M salesman would 

be glad to fill you in on the details. Call him or write directly to 
3M, Dept. 43, 411 Piquette Avenue, Detroit 2, Michigan. 


MINNESOTA MINING AND MANUFACTURING COMPANY 


ADHESIVES-COATINGS-SE ALERS ADHESIVES AND COATINGS DIVISION e 411 Piquette Ave., Detroit 2, Michigan 


GENERAL SALES OFFICES: ST. PAUL 6, MINN. « EXPORT: 270 PARK AVE., NEW YORK 17 ¢ IN CANADA: LONDON 
MAKERS OF ‘SCOTCH BRAND PRESSURE-SENSITIVE ADHESIVE TAPES © “SCOTCH GRAND SOUND RECORDING TAPE © **SCOTCHLITE’’ srano 


PEFLECTIVE SHEETINGS @°°3M"* ABRASIVE PAPER AND CLOTH ©**3M"" ADHESIVES AND COATINGS ©¢*'3M'’ ROOFING GRANULES e°'3M"’* CHEMICALS 
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new 
double-crepe 
Cindus material BS 
made from 
Kraft 
USE IT : 


X-CREPE ® is the trade-mark of Cincinnati Industries Inc. for double creped products. 
like cloth 


— instead of rubber 
—in place of cork USE IT where no other material will do! 


X-CREPE is made from kraft creped in two directions to give it 


stretch in every direction; then processed to provide a variety of 
A useful properties. We tailor X-CREPE to your needs by 
lamination, coating or impregnating, and fabrication. 
can have 


. « « Moisture-vapor proofness 
' 
Wet strength can be... 


Permeability 
Flexibility 
Weather resistance 


Impact cushioning 


Embossed 


Slit or die-cut 





° : ... Hundreds more 


For additional information 
and typical 
case histories, 


write for Bulletin. 
X-CREPE samples 
on request. 


TRADE MARK 


CINCINNATI INDUSTRIES, INC. 


CINCINNATI (a0 GZREtAN DD) 1s, OHIO 
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Are high capacity and long service life important? 


here’s how truck and trailer manufacturers 
get them with NEEDLE BEARINGS 


Many leading truck and trailer manufacturers specify Torrington 
Needle Bearings for steering and brake assemblies because of 
their high radial load capacity and their long service life. 
They have been performance-proved in day-to-day operation 
under every kind of road and traffic condition. 
Torrington Needle Bearings in steering mechanisms 
of trucks and buses make for easier handling, surer 
steering -—— and on the braking systems of heavy- 
duty trailers, they help assure smoother, faster 
stops. The unique construction of Torrington 
Needle Bearings contributes to their long, 
trouble-free, anti-friction performance — a 
must for operators of truck and bus fleets. 
Needle Bearings have demonstrated their worth 
in countless applications since they were introduced 
nearly twenty years ago. Their high capacity and their 
ease of installation have made them “standard 
equipment” wherever compactness of design and 
trouble-free performance are vital. 
We'll be glad to show you how Needle Bearings 
can be used to advantage in your product. 


THE TORRINGTON COMPANY 
Torrington, Conn. Sout:. Bend 21, Ind. 





TORRINGTON ///7/; BEARINGS 


Needle e Spherical Roller « Tapered Roller e Straight Roller e Ball e Needle Rollers 





Trade-marks of some of the truck and trailer manufacturers whose products enjoy the benefits of Needle Bearings. 
ANN $i DOLGE 
(INTERNATIONAL) 
Ao 


} 
setinteane S , 
TAU | 
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Lightineight MICRO Switches enable dosign ongimoora 
to achiove fettor dosign im a multitude of product, 





—" 


T iS significant that more and more design engineers are 
accepting the fact that “‘the use of MICRO switches is a 
principle of good design.” 
In their constant striving to create “‘better products thru 
better design,” it is quite natural and logical that they should 
utilize the application advantages of these versatile switches, 


Being so highly precise, they are “‘naturals’’ when minute 
movement with very small actuating force is a ““must.”” Being 
small in size, they fit into tight corners where more cumber- 
some components cannot be used. And being light in weight 
(some weigh only 1/15 of an ounce, and are about a dime’s 
diameter in length), they are well-nigh perfect companions 
for magnesium and other weight-saving metals and alloys, 


In addition, they can be supplied in over 6000 different com- 
binations of housings, actuators and electrical characteristics. 
All this is indicative of the multitude of products in which 
they have influenced design procedures, 
For instance: 

* * * * 
The remarkable growth of vending machines, from the penny 
gum dispenser to those which serve hot coffee with cream and 
sugar to taste, is an excellent example of the contribution of 
MICRO to better product design. Prior to MICRO’S devel- 
opments, there were no components that were uniformly sensi- 
tive; that possessed sufficient electrical capacity; and that 


were properly protected against dust, moisture and other 
conditions, as well as protecting the owner. MICRO has con- 
tributed much to the design and development of coin-operated 
machines and has been an important factor in the growth of 
this important industry. 

* * + . 
The perfection of a device for counting paper money was a 
long, difficult and costly undertaking. Not until the precise 
operation, small movement differential and accurate repeat 
performance of MICRO switch were employed did the device 
prove dependable, for the use of MICRO switch made it pos- 
sible always to detect the presence of more than a single bill as 
the paper money passed through the counter. MICRO’S de- 
velopment of a proper switch was the perfect solution. Suc- 
cessful use by many banks and financial institutions verifies 
the dependability of the device. 

* * 7 * 
Successful design of the popular garbage disposal! unit, which 
shreds and carries off food waste at the turn of a faucet, 
hinged upon finding a switch of extremely small size, capable 
of operation in this unusual environment, and sensitive enough 
to operate by the low force of running water. The perfect 
answer lay in a MiCRO switch which, when the water is 
turned on, closes the electrical circuit and starts the motor 
powering the shredding mechanism, The result—a_ better 
product through better design. 

* + ~ * 
So, time after time, not only in the design of new products 
but in the rédesign of existing products, design engineers have 
proved and continue to prove that the “use of MICRO 
switches is a principle of better design.” 
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MAKERS OF PRECISION SWITCHES 





FREEPORT, ILLINOIS 
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ibrin polyesters... 





new performance features! 


1. Faster, easier laminating! New Vibrin 
X-1055B is a “dry” type resin for pre-im- 
pregnating mats and fabrics that makes them 
cleaner and easier-to-use than ever before! 

Pre-impregnated pads can be dried at 
185°F—stored for months at room tempera- 
tures. They have excellent building tack—yet 
are clean and easy to handle, tailor, or die cut. 

New Vibrin X-1055B cures at tempera- 
tures as low as 212° F—gives flexural strengths 
as high as 55-60,000 psi with glass fabric, 
35-40,000 psi with low solubility polyester 
mat. 


2- Superior fire resistance! New Vibrin X- 
1426 is a standard viscosity resin that is self- 
catinguishing without the use of chlorinated 
waxes, other chlorobodies, or antimony 
oxide. And there’s no need for dilution with 
styrene. 

This new resin has passed both the ASTM 
D-635 and Naugatuck’s own far more strin- 
gent tests. With its low viscosity it's ideal for 
molding and impregnation operations. 

3- Outstanding light stability! Vibrin 1 17- 
LSC gives transparent glass-reinforced sheet- 
ing remarkable resistance to ultra-violet 


\Naugatuck Chemical 


Division of UNITED STATES RUBBER COMPANY 
Naugatuck, Conn. 


BRANCHES: Akron + Boston « Charlotte « Chicago « Los Angeles « Memphis « New York « Philadelphia 
IN CANADA: Naugatuck Chemicals, Elmira, Ontario 


light. Even after 400 hours in an Atlas twin- 
arc weatherometer, it shows no color change! 

What's more, it has all the excellent 
handling characteristics of Vibrin 117 base 
resin. 

Find out more about the many important 
advantages all three resins offer you. For 
further technical data on these newest mem- 
bers of Naugatuck’s family of Marvinol® 
vinyls, Kralastic® resin-rubber blends, and 
Vibrin® polyesters, simply send the coupon 
below. 


Naugatuck Chemical, 243 Elm Street, 
Naugatuck, Conn 


Please send technical data on Vibrins X 
1055B, X-1426, and 117LSC to: 


Naine 

Title 

Company 
Address___ 


OSS 
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NATIONAL OIL SEAL LOGBOOK 





Write our Redwood City office for reprints of this page 





National 
6565 Syntech 


National 
50,000 -S Syntech 





Fig. 1 — Tournamatic Transmission Assembly 


Concentrically-mounted National Oil Seals provide 


efficient sealing in Le Tourneau automatic clutch 


The Le Tourneau Super C Tournadozer 
utilizes a constant-mesh, instant-shift 
transmission ruggedly designed with 
short, heavy shafts, helical-cut gears and 
anti-friction bearings. To protect gears 
and bearings and prevent lubricant 
leakage, ten National Oil Seals are in- 
stalled in each transmission. 


The transmission assembly (Figure 
1) has five different shaft assemblies, 
and each utilizes two National seals 
mounted concentrically. The inner seal 
in each assembly is a standard-design 
National 50911-S Syntech* unit with 
a spring-tensioned synthetic rubber 
sealing member. It operates on an 870 
r.p.m. (maximum) shaft hardened to 58- 
62 Rockwell ar.d finished to £0.0005. 
Its function is to protect the clutch from 
heavy gear oil. 


At the outer position, Le Tourneau 
uses a special National 6565 Syntech 
seal with a conventional spring-loaded 
main sealing member to retain bearing 
grease and a spring! ess external lip to 
exclude dirt and water. This seal has a 
*Trade Mark Refistered 


steel O.D. which fits into the retainer. 

In solving these sealing problems, 
Le Tourneau and National Applications 
Engineers worked together, utilizing 
both standard-design and special Na- 
tional seals. In many cases, standard- 
design National seals solve problems 
quickly and economically; other appli- 
cations may demand modifications to 
meet special conditions. In either event, 
National can offer you on-the-spot en- 
gineering help backed by 30 years of 
experience in solving sealing problems. 
Call the nearest National Applications 
Engineer for consultation. 


Fig. 2— Super C Tournadézer 


Sealing 
News & Tips. 


New National 0-Rings 


National, a world 

leader in oil seals, 

now offers a com- 

plete line of O- 

Rings. National 

pioneered O-Rings 

two decades ago 

through a subsidi- 

ary organization. 

With O-Rings an integral part of the 
National line, you will get better en- 
gineering and sales service, consist- 
ent quality and uniformity, and the 
convenience of a common source for 
oil seals, O-Rings and shims. 


New O-Ring Catalog 


Here’s the most 

broadly useful 

compilation of 

O-Ring data pub- 

lished. It includes 
engineering, de- 

sign and com- 

pound informa- 

tion, gland groove 

and back-up ring requirements, etc. 
Lists all National O-Rings. Request 
free copy on your letterhead, giving 
your title. 


National Shims, Shim Seals 


National Shims 


and Shim Seals 
are available in a 
broad range of 


sizes and shapes 

and in all thicknesses from .001” up- 
ward. The uniform density of metals 
employed prevents compressing un- 
der severe pressure. National Shims 
are used by all leading vehicle, 
equipment and machinery manufac- 
turers. For complete information, re 
quest Catalog 93. 


“Let Your Decision be Based on Precision” 


NATIONAL 


OIL & GREASE SEALS 
O-RINGS  SHIMS 


NATIONAL MOTOR BEARING CO., INC. 
Genera! Offices : Redwood City, California 
Plants: Redwood City, Calif.; Downey (Los 
Angeles County), Culif.; Van Wert, Ohio 


2461 





CALL IN A NATIONAL APPLICATIONS ENGINEER 


CHICAGO, ILL. 


DALLAS, TEXAS 
Derroit, MICH. . 


. «+ «+ Room 4113 Field Building, FRanklin 2-2847 
CLEVELAND, On!I0 . 210 Heights Rockefeller Bidg., YEllowstone 2-2720 
30% Highiand Park Village, JUstin 8-8453 
726 Lothrop Avenue, TRinity 1-6363 
WicniTa, KANSAS 


MILWAUKEE, W's. 
NEWARK, N. J. 





Downey (Los Angeles Co.), CALIF. 


. 11634 Patten Rd., TOpaz 2-8166 


647 West Virginia Street, BRoadway 1-3234 
Suite 814, 1180 Raymond Blvd., Mitchell 2-7586 
Repwoop Ciry, CALir. . 
519 South Broadway, Wichita 2-6971 


. Broadway and National, EMerson 6-3861 
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File: Simmons LINK-LOCK 


When the armed forces needed a positive, high- 
strength fastening device for instrument housings, 
transit cases, and storage boxes, Simmons devel- 
oped LINK-LOCK. This brand-new device doesn't use 
springs, yet works with fingertip pressure through 
a unique mechanical arrangement: the vertical 
sliding latch is moved in and out of locking posi- 
tion by a disc rotated with a wing nut. The fastener 
is immune to low te peratures, is easy to operate 
even with arctic mittens, furnishes up to 450-lb. 
pull-down pressure. Open or closed, it lies flat 
against the side of the case it fastens. 








LINK-LOCK may be the answer to your fastening problem. If your design 
involves heavy fastening pressures, watertight sealing, high strength, resistance to im- 
pact, ask about LINK-LOCK. Simmons can furnish it with special engagement-latch 
details, or for operation by bolt or screwhead instead of wing nut. Write for LINK-LOCK 
DATA SHEET today. It gives complete details and dimensions. A Simmons engineer will 
be glad to work with you on your fastening problems. 


SIMMONS FASTENER CORPORATION, 1751 No. Broadway, Albany 1, New York 


e LINK-LOCK 
IMMMONS | one 
SPRING-LOCK 


ROTO-LOCK 





FASTENERS WITH USES UNLIMITED 
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SIZE 
IDENTIFIED 


ASSEMBLY 
SIMPLIFIED 


The Only 


SIZE-MARKED GEAR GRIP 
SOCKET HEAD CAP SCREW 


The size is clearly incised on the head, 
can be seen at a glance. It prevents errors 
by “green” workers, helps veterans also 


to speed assembly. It saves time and 


wasted screws when sizes get mixed up. 


It’s a sales feature for your product. 
Your customers’ maintenance men will FOR ANY TYPE SOCKET SCREW— 
like the Size-mark ... it aids them in ; REMEMBER 


reassembling after servicing. Gear Grip 


‘ve ips, spee work, even wher 
pee ents slips spe ds wrk hen iF It’s s IT’S O.K. 
fingers are oily. 


Since there is no better Socket Head : emis 
Cap Screw made, why not get these im- 
portant extra features offered only by 
P-K? Ask for samples. Parker-Kalon 
Corp., 200 Varick St., New York 14, N.Y. 


Sold through 
Industrial 
Distributors, 
the Supply 
Specialists 
that serve you 


PIPE PLUG 


FLAT HEAD BUTTON HEAD SHOULDER HEX KEYS 
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DESIGNED FOR 
LOW PRESSURES 
UP TO 40 psi 


| . 


\ 
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DIE-CAST ALUMINUM 
HEAD AND BASE PLATE 
Light weight, rust-free service 


CAST IRON BODY 
> Strength, long life 
; 


__CAST IRON CENTER CORE 


For Economy of. Construction 
RUBBER GASKETS 


Positive seal 


ABSORPTION PAD 
MEDIUM IN AA’ MODELS 
Radial Fin Insert in 


CH Models 


. 


ONE-BOLT ACCESSIBILITY 
Ease and speed of ; 
iby olocailels Melle Malrelallale] BRASS nda nue 


To remove condensate 
without shutting down line 


FOR THE FIRST TIME... small, practical pipe line filter can be 


specified for mstallations requiring only 40 psi maximuny pressures 





for compressed air or gas. Staynew’s new low pressure models fea- 
‘ture greatly reduced weight and improved, simplified construction —_ 

plus the many outstanding advantages of all Staynew Pipe 
Line Filters. 





Properly installed, these Staynew Filters provide long. trouble 
free service;-remoting the last traces of foreign matter, condensed 





; ’ ' ; SHND for new Small Pipe 
oil and moisture from comprtessed air or gas lines. kr ae 
; ' ; Ane Filter Bulletin con 
taining complete engineer 
\ \ ing and performance data. 
\ 


CORPORATION 
101 Centre Pk., Rochester 3, N.Y. 





ALL TYPES OF FILTERS FOR EVERY INDUSTRIAL NEED 

















SS ————-, 


FACILITIES... 


one 
of 


many 
reasons 
for 
Hyatt 


leadership! 


In testing laboratory or manufacturing plant, 
Hyatt’s facilities are second to none. Continuing 
research in methods and materials, and exacting 
inspection with the finest in modern equipment, 
has made the Hyatt name a synonym for “highest 
quality.” That’s why Hyatt Roller Bearings are 
so widely used in design applications involving 
vadial loads. Design engineers know that Hyatt 
bearings have been “performance-proved” for 
smoother, trouble-free operation and longer life. 
Hyatt Bearings Division, General Motors 


Corporation, Harrison, New Jersey. 


_—— 
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UNBRAKO BUTTON HEAD SOCKET SCREWS feature the following: threads possibility of marred or mutilated heads; Class 3 fit; heat treated 


to head; low head height; nonslip drive; hex socket that minimizes alloy steel; standard sizes from + 8 through %"' diameter. 








USE UNBRAKO BUTTON HEAD SCREWS on transportation 


equipment—door and window frames, paneling, seats. On textile machinery—slashers, twisters, bobbin shields. 
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if ™ Mii Vir : A START FOR THE FUTURE 


Have you checked our UnBRAKO standards? 


We suggest you do, because a standard UNBRAKO de- 
livered from your distributor’s stock means faster and 
better service. A standard will do the job as well as a 
special at much lower cost. For details about UNBRAKO 
Standards, write SPS, Jenkintown 28, Pa. 


UNBRAKO SOCKET SCREW DIVISION 
® 


JENKINTOWN PENNSYLVATUA 




















UNBRAKO Standards—as listed in the SPS Catalog—are 
On sheet meta! assemblies — coolers, gasoline pumps. stocked by leading industrial distributors everywhere. 
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Sound design gives our calculators, adding and accounting ma- 
chines the features that have made them leaders and famous 
throughout the world for over forty years. We constantly seek, how- 
ever, to make them even better, and find Product Engineering the 
most informative and idea-stimulating magazine available to us in 
the design field. Reading it regularly is a profitable habit with us. 

Howard M. Fleming 

Director of Mechanical Research and Development 

Monroe Colculating Machine Company, Inc. 
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THE MEN WHO DESIGN 
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HE READS PRODUCT ENGINEERING 


You reach the design-engineering leaders everywhere in industry 
when you advertise in this magazine they find most helpful in their work 


Over 21,000 product-design engineers now sub- 
scribe to Product Engineering. And in this 
straightforward demonstration of their prefer- 
ence for Product Engineering . . . for they pay 
to read no other magazine edited for them .. . 
they tell you why this magazine is your most 
important advertising medium in the giant 
Original Equipment Market. 

These basic buyers of parts, materials, com- 
ponents, and finishes prefer Product Engineer- 
ing because no other magazine gives them so 
many facts and new ideas specifically helpful in 
the design of better machinery, equipment, and 
appliances. And because they read Product En- 
gineering with an intentness they reserve for 
this magazine alone, Product Engineering has 
long been the most accepted, and widely used, 
advertising medium in the Original Equipment 
Market. Every year it leads all other design 


magazines in the number of advertising pages 
and advertising dollars entrusted to it. 

In 1952, over 800 companies and their agen- 
cies invested 4,162 display pages in the sales 
power of this magazine . . . 766 more than in 
1951. And in 1953, Product Engineering is better 
equipped than ever to do an outstanding sales 
job for you: its wide-ranging, authoritative, and 
comprehensive pages will go this year to a 
steadily increasing paid-subscriber audience... 
and an audience over 90% concentrated on. the 
engineering-management levels where impor- 
tant buying decisions are made. 

For bigger sales in the huge Original Equip- 
ment Market, make sure you concentrate your 
advertising in Product Engineering. A call to 
our representative in the nearest McGraw-Hill 
office will bring you all the reasons why you 
can’t make a sounder sales decision. 


A McGraw-Hill Publication 
McGraw-Hill Building, New York 36 
DISTRICT OFFICES: Atlante 3 * Boston 16 * Chicoge 1! 
Cincinnati 8 * Cleveland 15 * Dalles 1 * Detroit 26 

Los Angeles 17 * New York 36 * Philadelphia 3 

Pittsburgh 22 * San Francisco 4 
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AMERICA’S NEW PRODUCTS READ PRODUCT ENGINEERING 
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How the image you see gets 


PART way 


Even an ordinary reading glass can pro- 
duce an image of sorts. That happens 
when the sun’s rays are focused on a 
piece of paper as shown. All the rays 
passing through the lens concentrate 
at approximately one point where they 
form a small inverted picture or image 
of the sun. 


By means of a lens, rays from any 
object at a distance can be made to con- 
centrate inside a telescope in the same 
way. They form a tiny inverted picture 
of the object. If a screen like the ground 
glass of a camera were placed there and 
viewed through a magnifying glass, the 


actual picture of the distant object 
could be seen clearly. The lens that 
brings the tiny picture into a telescope 
is called the objective, and the small 
but powerful microscope that brings it 
out of the telescope into the eye is 
called the eyepiece. 


Product Engineering — March, 1953 





Measuring scales are in constant use on 
every drawing board. For high quality 
ond accuracy, use KAE PARAGON engine 
divided scales. They are made of the 
highest grade boxwood with scale faces 
of white plastic, permanently cemented. 
The graduations care filled with dense 
black pigment for high visibility against 
the white background. 











Cross lines so fine as to be almost scopes used in K&E PARAGON sur- 
invisible can be placed inside the instru- veying instruments and K&E optical 
ment at exactly the place where the tooling equipment. These contain 
miniature picture is formed. Then the additional refinements, such as a mov- 
eyepiece will greatly magnify not only able internal lens for focusing and 
the picture but the cross lines as well extra lenses in the eyepiece that invert 
so that both are seen together. Basi- the picture a second time, so that the 
cally, that is the principle of the tele- eye sees it right side up. 


Naturally, the above description is extremely elementary. In fine 
telescopes, such as those made by K&E, every optical part must be 
made with surpassing accuracy so that the rays of light are not scat- 
tered. It is for this reason that K&E designs, grinds and polishes its 
lenses with an accuracy measured in millionths of an inch. The result 
is superior definition with unusual contrast and brightness. Minute 
detail can be clearly distinguished, and cross lines appear jet black. 

These are the exacting standards to which K&E builds instruments 
for engineers, surveyors anid builders, as well as optical tooling equip- 


. . . . Th i K h sheet f 
ment. The latter makes possible the application of surveying methods are bs @ KAS graph shoot for cimest 
: ‘ ; . ms ih every purpose. In a selection of 300 forms 
to manufacturing and construction problems involving high-precision you can find graph sheets for plotting 
positioning and alignment. Already these techniques have revolu- cauaiits Cate, Seems Sor Gubting ane 
ae ; , : : - : x drawing, both mechanical and architec- 
tionized tooling in the aircraft industry and are being adopted in other tural, or for surveying and mapping. Also, 
fields. Ask your K&E Distributor or Branch for details on what these business ond Snencio! forms of off types. 
Giee.! All are on high quolity drawing poper 
superlative instruments can do for you. and on the finest tracing poper. 
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1. VERSATILEI—All-angle 2. SMOOTH RUNNING!— 3. EFFICIENT! —New 4. QUIETI—Advanced 5. LONG-LIFEI— {LL 
bearing and lubrication Precise rotor balancing electrical design, venti- magnetic design and unit- synthetic insulation re- 
system permits motor to and concentricity of lation give top per- ized rotor-fan casting sists moisture, corrosion 
operate in any position. rabbets and bearings. formance in least space. provide quiet operation. and electrical breakdown. 


Ten good reasons for ust 


Above you see ten good, basic reasons for using the all-new G-E SMALLER ... 
“form G” motor—right now! And at your right are four big “plus” 
reasons perhaps even more important to you. 

Completely different . .. completely functional . . . this general- 
purpose motor gives you full NEMA performance plus up to 50% 
less weight, 40% less bulk—rating for rating! 

You get efficiency, sturdiness, extra long life . . . plus quiet, all- 
angle operation in every rating! 

Now you can improve your product, speed assembly time, cut 
your handling and shipping costs. 

Want more good reasons for using this new motor? Contact your 
nearest G-E Apparatus Sales Office or write for bulletin GEA-5567. 
Address Section 700-121, General Electric Co., Schenectady 5, N. Y. 


GENERAL @@ ELECTRIC 








hia. * 
6. STURDY!— Another /. LESS MAINTENANCE! 8. CONVENIENTI— 9. RIGIDI—This motor 10. FLEXIBLE—Cradle 


G-E innovation: shell is Spacious oil reservoirs Roomy terminal box— has strong, lightweight bases—solid or resilient 
expansion-fitted to stator: no lubrication required coverhasconnectionand aluminum end = shields facilitate easy mount- 
a strong unit assembly. on some applications. lubrication instructions, especially rib-reinforced. ing in any position, 


the all-new G-E Fhp motor! 


LIGHTER ... BETTER LOOKING ... MORE VERSATILE! 








2 


























CLARK'"CY" 


starters have 








No trick mounting problems 

No crowded wiring spaces 

No lack of concentric knockouts 
No installation troubles 





No parts back-removable 


No tools needed for inspection 


No loose screws in contact arm 
No single-break contacts 





No carbonizing in arc chamber 


This string of positive “NO’s” is 


No overload difficulties supplemented by a long list of 


affirmatives that make CLARK 


H 1 T “CY” the id tarter f 
No burning in steel arc space ype “CY” the ideal starter for 


practically any AC motor 


No openings in top of are shell pmeneae 
So--when you buy, you’d bette: try CLARK tree“CY” 


/ 
NEERED ELECTRICAL CONTROL + 1146 EAST 152NO STREET, CLEVELAND 10, OHIO 
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CVspectives ~ PESIGN AND 


DEVELOPMENT 





GUIDED The U. S. Guided Missile Program has dropped way behind schedule. 

MISSILES More important, some scientists now believe that long range missiles 
can never accomplish their mission. So say engineers who have been 
working on the project for the past five years. 

(Editor's Note: By guided missiles, these men mean weapons fired 
through the air and directed to a target by an internal mechanism. The 
U. S. is interested in three types: air-to-air (AAM), surface-to-surface 
(SSM), and ground-to-ground (GGM). The main difference between SSM 
and GGM is range; surface-to-surface missiles travel relatively short 
distances.) 

Biggest delay has been in the development of a workable ground-to- 
ground, long-range (800 miles or longer) missile. Optomistic technicians 
expect it will be at least five years before they can evolve a production 
guiding mechanism. One observer thinks it could be 25 years at the pre- 
sent rate of progress. 

The reason: today's electronic gear and mechanical components are 
not good enough to direct a missile with the almost unbelievable accuracy 
that is required. 

In the GGM, the big problem is not getting the weapon to fly. It's 
knowing where the missile is so you can direct it. Once out of sight you 
can't trace it with the accuracy needed. Therefore, the U. S. wants a 
missile whose destination can be fed-in prior to firing. 


NEGATIVF Despite an expenditure of almost two billion dollars, most of the ac- 
RESULTS complishments to date have been negative. That means scientists have 
proved some ideas for guiding devices won't work at all. 

In designing such a mechanism, engineers first have to develop asys- 
tem based on physical properties to guide the missile; they have to de- 
velop a method of putting target information into the system; and then 
they have to develop gear and instruments to make the system work. 

Practically every large electronics and aircraft manufacturer is work- 
ing in the field. They have three systems under study: (1) the star sys- 
tem, in which the missile takes bearings off the stars to guide itself 
during flight; (2) an inertial system that used gyroscopes and allied 
equipment to figure, by dead reckoning, where the weapon is going by 
where it has been; and (3) radio systems such as sending out two radio 
beams from different sources so they intersect over the target. The mis- 
sile follows one beam and drops when it meets the second. 

Each of these systems depends on basic physical properties like grav- 
ity, rotation of the earth, magnetism of the earth, etc. Major work done 
so far has been studying these properties. 


USEFUL Typical results: engineers have eliminated some properties that are 
PROPERTIES unusuable because they cannot be instrumented or measured to the requir- 
ed degree of accuracy; they've found that some properties were not stable, 
so the guidance phenomena could not be repeated as desired; and they've 
narrowed down the radio spectrum to those frequencies and properties that 

might be useful. 
Now the problem is to build one satisfactory missile so the Defense 


(Continued on page 115) 
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ON A JET ENGINE 


(Photo courtesy, General Electric Co.) 


CAR 


E 
HO LDING heen oe - ON A 
“photo €@ POSITIVE ION 
ACCELERATOR 


(Photo Courtesy, High 
ge Engineering Corp.) 


Volto 


In any product where liquids or gases must be conveyed under con- 
ditions of vibration, expansion and contraction, misalignment or 
flexation, there is a design problem that can be answered with CMH 

Flexible Metal Hose. 
CMH Flexible Metal Hose is available in a variety of corrugated 
The Flexible Metel Hose Design Guide and convoluted types, in steel, bronze, stainless steel and other alloys 
gives detoiled dato on types, sizes and and in a complete range of diameters for every application. Whatever 
pes gpg ggg ponent your product, if motion or misalignment exists in fluid conveying 
lines, it will pay you to consider CMH Flexible Metal Hose. Just send 


hose specifications in Sweet's Product 
Design File. an outline of your problem and we will make recommendations. 


CHICAGO METAL HOSE Division 











Flexon identifies 
CMH products thot Bigas ' ; 
have served industry : SS in Canede: Flexenics Corporation of Cenade, itd., Brampton, Onterie 


for over 50 yeors, 
Flexible metal hose Expansion joints . Metallic bellows 
Oy Alrcraft components 
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THE BIG 
DILEMMA 


DEBUNKING 
PUBLICITY 


TOO MUCH 
SECURITY 


Department can make a decision on which system to concentrate their ef- 
forts. One time-consuming operation is testing. After a missile is built 
it will take two years to adequately test it. 


However the worry nagging top scientists is this: can a long range 
missile,with an excellent guiding mechanism, hit a target ?7German scient- 
tists who tipped the U. S. to this had trouble with the V-2 missile during 
World War II even though the ranges involved were relatively short, 150 
to 200 miles. The problem stems from the fact that you can't locate a 
target accurately enough. Here is howscientists, who feel it's like try- 
ing to build a perpetual motion machine, explain the dilemma. 

Since the missile depends on physical properties, the coordinates of 
the target must be figured in terms of these same properties. But scien- 
tific principles, like the uncertainty principle, and measuring instruments 
limit the accuracy with which the target position can be pin-pointed. 
This double error along with errors inherent in the guiding mechanism 
would prevent the missile from ever findinga predetermined target, ex- 
pecially when the errors are magnified by the long ranges involved. 

Despite this, the Defense Department has twouses in mind for GGM. 
They plan strategic bombing of industrial targets as well as tactical 
bombing of military targets in support fof ground troops. 

According to some observers, companies are also having difficulty re- 
cruiting technicians for the missile program. The reason: engineers ob- 
ject to the misinformation about their work transmittedto the public and 
the lack of information exchange among men working on the project. 


Here is how technical men debunk popular ideas about guided missiles: 

(1) last Fall the Navy announced the use of obsolete airplanes con- 
trolled by a second aircraft to bomb specific targets. They implied 
that this represented successful use of guided missiles, passe, but 
the forerunners of better weapons already developed. Engineers 
point out that this actually was a drone operation, not to be confused 
with a guided missile. Drone operation, they explain, is relatively 
simple because the parent is close enough to see the weapon and 
direct it. 

(2) Publicists confuse the three types of missiles, implying success 
with one means success for all. Actually AAM represents a simpler 
design problem than the other because they are quite short ranged. 
The U. S. is in production of an air-to-air missile with a design 
reminiscent of marine homing torpedogs that search for their 
target. 

(3) An Army officer recently wrote that the Army, charged with de- 
veloping SSM, had designeda short range missile guided by an in- 
ertial system. But he failed to point out that the production cost of 
this design was prohibitive. Other engineers claim that many pro- 
blems still have tobe solved in this type of system. For example, 
how to develop super precise bearings for mechanical equipment. 


Too, government administrators are charged with poor coordination 
of the program, particularly concerning the dissemination of technical in- 
formation. Observers claim that much of the security classification is 
applied to keep the U. S. public from knowing how slow progress has been 
rather than to hide details of missiles. 

Researchers, cleared to read top secret information, complain that 
they don't know what other groups are doing. This causes delaysand dup- 
lication. In some cases government contract officers have slipped their 
own copies of secret reports to missile engineers when the latter were 
unable to cut the government red tape that keeps information tied up. 
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FASTEST THING 


Making light work of heavy-duty fastening 
...With 57% savings! 


G&0O Manufacturing Company, New Haven, 
Conn., solves major fastening problem with 
100% switch to Tinnerman SPEED GRIPS! 


Here’s how this famous maker of truck and heavy equipment 
radiators went right to the “‘core’’ of soaring production costs. 
G & Oengineers specified SPEED GRIPS to replace the old method 
of welding nuts to radiator side panels for a big 57% assembly 
savings! In addition, this led to a big reduction in materials han- 
dling ...eliminating costly shipping and servicing of units returned 
for repair due to weld breaks! Also eliminated was the need for 
expensive welding equipment, allowing the shift of skilled man- 
power to other production jobs! 


For a new look at the savings potential in your fastening methods, 
call your Tinnerman representative. He’ll give you details on our 
FREE Fastening Analysis Service. 


IN FASTENING S® 





Tinnerman 


SPEED GRIP® 
Nut Retainers 


... replace welded nuts on the 
G & O radiator side panels as 
shown above . . . snap into bolt- 
receiving positions by hand...are 
ideal for use in blind locations, 

uire no welding, clinching or 
staking; “float” prevents cross 
threading due to misalignment 
of holes. Available in a complete 
range of sizes to meet your needs. 


Write today for your copy of “SPEED 
NUT SavingsStories” ,a booklet of typical 
SPEED NUT savings to industry: TIN- 
NERMAN PRODUCTS, INC., Box 6688, 
Cleveland 1, Ohio. In Canada : Dominion 
Fasteners, Ltd., Hamilton, Ont. In Great 
Britain: Simmonds Aerocessories, Ltd., 
Treforest, Wales. In France: Aeroces- 
soires Simmonds, 8.A., 7 rue Henri 
Barbusse, Levallois (Seine). 
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Imaginary Formulas 


Engineers and scientists know that there are many 
problems that cannot be solved by formulas. Stresses 
and deflections in many framed structures simply 
cannot be calculated. The common connecting rod 
defies the best efforts of stress analysts. However, 
there is always the inexperienced man who firmly 
believes “there must be a formula” and then not 
being able to find one he attempts to create one. 
Perhaps one of the weaknesses of our educational 
system is that we are not taught that “you can't 
figure everything”. 

The wonders attributed to the modern digital and 

analogue computers have misled many people to 
believe that now everything has been changed and 
now anything can be calculated. To the contrary, 
regardless of the amazing capacity of computers, it is 
still necessary to establish the formulas or relation- 
ships that the computer is to unravel. 
' Scientific accuracy of solution cannot be expected 
when the problem involves too many non-related 
and indeterminate variables. These might include 
human behavior, the weather, and all kinds of erratic 
quantities. And ironically, when conditions become 
too pure, behavior may be erratic. Chemically pure 
water at standard atmospheric pressure does not boil 
at 212F nor does it freeze at 32F. Such are the mys- 
teries of nature. 

The story is told of the mathematics professor 
whose wife had told him that their first child 
was on the way. That night the prof started to 
apply his mathematical brain to the development 
of the formula that would foretell the sex of the 
child. In his mental concentration the prof dozed 
off to sleep but his subconscious mind kept working 
and in his dreams he developed a wonderful formula 
that would solve the great problem that has vexed 
mankind from the dawn of civilization. 

The next morning he told his wife all about the 
wonderful formula, but addec, “There is only one 


difficulty still to solve. The formula contains the 
square root of minus one, which, you know dearest, 
is an imaginary quantity. And try as I might I have 
not been able to got the minus one out from under 
the radical, so the formula still gives me an imaginary 
result.” 

“Darling”, cooed the wife, “Your formula is just 
too perfect. I just found out that my pregnancy was 
imaginary.” 

And so it is with too many formulas that are 
concocted to solve the unsolvable. Someplace in them 
is hidden, literally or figuratively, the square root of 
minus one, which makes the whole equation just an 
imaginary quantity. Designs and decisions should not 
be based on imaginary quantities and we must re- 
concile ourselves to the fact that there are many 
problems that cannot be solved by a formula. 

For the solution of many of the problems of sti 2ss 
magnitudes and distribution engineers use experi- 
mental stress analysis. There is nothing more accurate 
than a running test to determine the fatigue life of a 
structure. There are formulas and calculus methods 
for figuring the cubical contents of a bottle, but 
it is much simpler to fill the bottle with water and 
measure the volume in a graduate glass. 

Experience, common sense and basic knowledge are 
the most powerful tools for the solution of technical 
and scientific problems. On the basis of this trinity 
the engineer can always decide correctly which pro- 
cedure to use for the solution of his problem. In 
every instance he will avoid trying to use formulas 
where formulas are not applicable. And of course, 
he will never try to use an imaginary formula. 
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WITH MICROSCOPIC PRECISION 


Through experience, the aircraft instru- 
ment manufacturer knows that ball bear- 
ings are best for low friction support of 
many moving parts and shafts, both in 
low torque and high speed applications. 


Such sensitive instrumentation requires the 
highest standards of accuracy and careful 
craftsmanship in precision bearing produc- 
tion. The finest facilities for this type of 


Scientific methods at 
New Departure instru- 
ment bearing plants as- 
' sure precision produc- 
| tion, Only workers with 
gloved hands, :weezers 


work are maintained by New Departure... 
where ball bearings are tested and inspect- 
ed with the latest scientific equipment. . . 
where they are assembled and packed under 
rigidly controlled standards of cleanliness. 


Specify New Departure ball bearings for all 
instrument applications. In the air, and 
everywhere, keep your eye on the BALL 
to be sure of your BEARINGs! 


eh BALL® 


4 
or 
Hing agus \\ 


NEW DEPARTUR 


\ ‘ 


or special holding de- 


vices touch bearings in 





BALL BEARINGS | 


NEW DEPARTURE « DIVISION OF GENERAL MOTORS « BRISTOL, CONNECTICUT 


this dust-free area. Also makers of the Famous New Departure Coaster Brake 
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Product Engineering 


Rivets 


Or 


Big Jobs 


ROBERT M. GORDON 


The Milford Rivest & Machine Company 


@ How to use tubular, semi-tubular, and small diam- 
eter rivets for joining low cost, high production 
assemblies. Design tips to insure good joints. 


@ Recommended clinch allowances, hole clearances, 
and joint configurations for various rivet sizes. 


@ Suggested modifications to improve appearance, 


simplity application, or permit multiple purpose use. 


High-speed automatic- 
feed riveting machine. 


RiveTiNG, one of the oldest methods of fasten- 
ing metal parts, is also one of the most eco- 
nomical. Not only is the cost of the rivet itself 
less than most types of threaded fasteners, but 
the design of rg a riveting machines with 
automatic hopper feeds and work handling 
— ve, has advanced to the stage 
where the entite process is competitive with or 
cheaper than many other established joining 
methods 

Production figures are extremely difficult to 
estimate inasmuch as they depend on many 
factors surrounding the riveting operation. The 
standard type of riveter can feed and drive a 
rivet as fast as the machine can be tripped; it 
then becomes a problem of the comphicitien 
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ot the assembly along with the work handling 
problem at the machine 

In addition to low cost and speed of appli- 
cation, small tabular and solid rivets, which 
are the basis of this discussion, can be used to 
advantage when joining assemblies comprised 
of non-uniform thickness, dissimilar or non- 
meta'lic materials, or a variety of metals in 
light.y loaded structures. Such products as 
home appliances, radios, television sets, elec- 
trical controls, office equipment, business ma- 
chines, cutlery, automobiles and automatic 
accessories, agriculture implements, wiring de- 
vices, and military hardware including fuses, 
bomb parts, gun parts, and aircraft sub-assem- 
blies are commonly fastened by this method. 
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Basic Types of Rivets 


Basically, rivets are produced from 
wire by the cold heading process. They 
therefore can be made from any mate- 
rial that is sufficiently ductile for cold- 
heading, including: 

1. Low carbon steel, such as AISI 
1010 and 1006, which probably ac- 
count for 95 percent of the applica- 
tions involving ferrous materials. 

2. Alloy steels and stainless Types 
302 and 430. 

3. Brass in almost all alloys from 
65-35 to rich low alloys. Also, in 
copper from oxygen free to electro- 
lytic grade including tellerium copper. 

4. Aluminum in 2-S, 3-S, 17-S, 
24-S, and 56-S, and other alloys as 
specified by major producers. 

5. Nickel and Monel. 

6. Precious metals such as pure and 
coined silver. 
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7. Lead, zinc, and other low melt- 
ing point alloys, which often are used 
for fusable plugs that melt when ex- 
posed to high temperatures. 

Production is on single, double, or 
-_ blow headers depending on the 
volume of material necessary to be up- 
set. The tubular rivet is either ex- 
truded ot drilled, the former being 
limited as to length and diameter by 
the capacity of the manufacturer's 
equipment. While somewhat —— 
than drilled types, it cannot readily 
be made in some highly alloyed fer- 
rous metals. 

Extruded rivets also are character- 
ized by the shape of the hole, which 
is tapered to provide the necessary 
draft to strip the rivet off the extrud- 
ing pin. Some taper is always neces- 
sary, although the amount can be so 


and limitations. Now in 
wide variety of specials. 


N 


small that walls are nearly parallel. 

These semi-tubular—sometimes shal- 
low drilléd rivets—are perhaps the 
most widely used of all types. They 
are used for assemblying plastic, wood, 
sheet metal, and aluminum whenever 
holes have been punched prior to set- 
ting and whenever the full shear 
strength of the fastener is required. 

Drilled rivets, as indicated above, 
can be either deep or shallow drilled. 
The deep drilled or full tubular type 
has a cavity extending practically to 
the head, while the shallow type has a 
cavity only sufficiently deep to allow 
setting or clinching. 

The full tubular type is best suited 
for use with materials such as plastics, 
leather, canvas, or wood, in which the 
rivet must pierce its own hole. The 
deep drilling allows the slug of mate- 
rial to compress inside the rivet, pro- 
viding sufficient metal for clinching. 
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SOME OF THE PRODUCTS TO WHICH THEY ARE ADAPTED 


A third class of rivet is the bifur- 
catcd or split type. The manufacturing 
operations used to make these parts 
produce rivets which are identified as 
“sawed” or “punched”. The broach- 
ing or sawing operation produces a 
stronger rivet inasmuch as the prongs 
ot legs are not distorted. This char 
acteristic makes it ideal for piercing 
fibre, wood, or thin gage sheet metal. 
It has been used successfully in pierc- 
ing steel assemblies having an approxi- 
mate overall thickness of 0.040 in. 
The punched rivet cannot be used in 
the heavier applications with as much 
success. However, it is suitable fox 
cardboard, canvas and lighter piercing 
operations. 

The full tubular and bifurcated riv- 
ets are often clinched into a cap to 
obtain the same general appearance on 
either side of the riveted part or to 
obtain a stronger assembly and also a 
smooth, neater surface. 
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Advantages and Limitati i th 





rivet can be made of 


lead or zinc. 


be used not only as a fas 
contact, or other. 


ion OF crystallization of the baee acca. 


to operate equi 


variety of materials ranging from 


tenet but as a pivot, 


% 


easily be dissembled. 
E Strengths of joints made with split, 


are neither watertight or airtight 

heads may be undesirable in foo, oie ies. 

‘ food machinery, — 
sanitary temblies, a ata 


ent, or other 


Finally, a fourth basic type of tubu- 
lar rivet is formed from a combination 
of a deep-drilled part and a solid or 
blank rivet. The relative sizes of the 
drilled hole and blank diameter are 
combined in such a manner as to pro- 
duce a compression or press fit. This 


combination produces a fastener with 
the same appearance on vach end. 
The greater portion of compression 
rivets are made with ‘trimmed’ heads. 
The rivets are hopper fed in auto- 
matic equipment and, one at a time, 
the periphery of the heads are shaved 
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TABLE I—SPECIAL TUBULAR, SEMI-TUBULAR AND SOLID RIVETS 





SPECIAL SHANK SHAPES 


Representative shank variations—almost an infinite number are possible— 
include rivets with: (a) hexagonal collar in the center of the shank; (h) 
formed upset in center of shank to fit tubular surface; (c} shoulder and 
turned end; (d) rounded bearing end for locking device ii: storm sash; (¢) 
notched shank; (f) large diameter shank with stepped end; (g) stepped shank 
diameter; (h) center shank upset, and (i) pointed end for bearing pivot 
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SPECIAL HEAD SHAPES 


Although volume of the material in the head is by rule of thumb held to four 
times the diameter of the shank, some shapes cannot be headed to over 2 D 
while others can be formed with up to 12 D. Governing factors are material. 
head shape and diameter, and initial shank diameter. Shown here are heads 
with: (a) projections for projection welding; (b) very large diameter; (.) 
large volume; (d) large volume (used as a lag pot or heat retainer fuse com- 
ponent) ; (e) specia! shape used for a hinge pin. Many other shapes can be made. 
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ORNAMENTAL HEADS - 


In applications for small consumer goods such as fountain pens, pencils, 
luggage, and similar products, ornamental heads are sometimes desirable. 
Heads often are numbered as in (a) and (b); or formed with stepped heads 
(c) lettered (d); ornamental heads (e); or formed to look similar on both 
sides (f). The rivet manufacturer should be consulted to avoid costly design. 
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THREADED RIVETS 


Frequently, rivet shanks are threaded or knurled to permit them to be used as 
studs for subsequent sub-assembly of parts. Illustrated are representative 
examples, including a stacking stud and rivet for electrolytic condensers, a 
transformer contact stud, an adjusting screw for a contact point, and others. 
The shank is roll threaded in a secondary operation. 
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SMALL MULTI-PURPOSE RIVETS 


These rivets act not oniy as a fastener but as an assembly component: (a) 
head acts as cam follower in mechanism; (b) ball head used to advance barrel 
cam and turning; (c) stop for a gage pointer; and (d) electrical contact for 
television channel selector. Other examples include detents, and locating points. 
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ELECTRICAL CONTACTS AND INSERTS 


Common practice in many applications is to use a rivet as an electrical con- 
tact, particularly in molded or laminated non-metallic materials. Of these 
four rivets, (a) has a straight flute or knurl for a pressed fit; (b) has a 
drive screw thread; (c) and (d) have annular grooves to hold the rivet in a 
molded part. Besides these conventional designs there are special ones. 
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or trimmed to be closely concentric 
with the shanks and closely held to 
diameter. Heads are also trimmed on 
secondary operations by means of 
punch trimming.” These operations 
produce a rivet ideal for cutlery of 
utensil assemblies where the heads 
must fit closely in counterbored holes, 
so as not to allow food particles or 
dirt to collect. Also, since the driving 
force can be closely controlled, the 
compression rivet has little tendency 
to split the wood or plastic base ma 
terials 

All of the above types of rivets, 1 
lustrated in Fig. 1, fall under the 
gencral classification of oval head riv 
ets. To date, each manufacturer has 
established his own specifications and 
modified dimensions to meet custom 
requirements. However, oval head rivet 
standards are now in the process of 
being set-up by the ASA. As a matter 
of fact, tentative standards have been 
forwarded to various manufacturers 
and committee groups for comment, 
and probably will be approved in the 
near future 


Special Rivet Designs 


The wide variety of special rivets 
that can and are being produced fall 
into several broad categories, one of 
which is typified by shoulder rivets 
The combination of a tenon and 
shoulder can be produced through a 
broad range of sizes, as required in a 
particular assembly. Shoulder rivets 
and similar fasteners are made in sev 
eral ways. The tenon can be “ex 
truded” in the cold upset operation, 
by “squirting” the tenon diameter 
down into the counterbored die, from 
wire of the rivet shoulder diameter 
This method of forming leaves a 
small extruding angle between the 
shoulder and tenon of the rivet. The 
shoulder can also be formed starting 
from wire of the tenon diameter, and 
filling up the shoulder as the head is 
formed. This produces a relatively 
square shoulder formation. If neither 
of these operations can be employed, 
the blank is headed and the tenon 
turned down in a subsequent opera 
tion, similar to the turning of the 
heads as noted. 

Other types are produced of pre 
cious metal such as coin silver, for 
electrical contacts; with knurled or 
fluted shanks that can be used as in- 
serts in molded or die cast parts; with 
special long, short, or shaped shanks 
that can be used as pivots or cam fol- 
lowers; with ornamental heads for 
pens, pocket lighters, or similar prod- 
ucts; or with large diameter or special 


head shapes. (See Table I). 
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RECOMMENDED HOLE SIZES AND CLINCH ALLOWANCES 
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Riveting Techniques and Tools 


Once the correct type of rivet has 
been selected, the correct tools must 
be employed in the setting operation. 
These tools are part of the rivet setting 
equipment and have a definite relation- 
ship to a particular rivet. 

Before attempting to analyze the 
tools, it is necessary to know the type 
of clinch or sect required of the various 
rivets. Semi-tubular rivets ordinarily 
ace “‘roll-set’’. This clinch can be 
formed directly against the work, or a 
washer, Or as in some cases, away from 
the base stock so as to form a pivot 
pin or axle. 

Deep drilled or full tubular rivets 
are usually “‘star-set’. This particular 
tool is made in the form of a rosette or 
star which cuts the rivet, usually into 
6 or 8 even segments. The deep drilled 
rivet generally punches its own hole, 
being driven and clifiched in one 
operation 

The bifurcated rivets are usually set 
by driving them against a solid tip, 
inasmuch as they normally pierce the 
work. The protruding prongs are 
formed in the solid tip, forming back 
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into the work to provide as smoot) a 
clinch as possible. The caps are held 
in a solid tip and the piercing tubular 
or split rivet is clinched into the cap 

Variations of these anvils are end 
less; however, the theory and practice 
remain the same regardless of shape, 
size or type. Several of the standard 
tools most generally used are pictured 
in Fig. 2 to illustrate their construction 
and form 

A driver is located in the ram o: 
spindle of the machine and suited to 
rivet head diameter and shape. Nor 
mally, the driver diameter is under the 
head size of the rivets by 0.005 to 
0.025 in. A head diameter of 0.085 
in. requires a driver diameter of 0.080 
in.; whereas, a head diameter of 0.50 
in. will have a corresponding driver 
diatneter of approximately 0.475 in. 
or about 0.025 in. smaller. 

The working end of the driver is 
formed to the contour of the rivet 
head. Usually a “‘set edge” is pro- 
vided to reduce cracking. The straight 
portion of the driver is held to the 
predetermined diameter for a length 


roughly equivalent to the length of 
the jaw which supports the rivet dur- 
ing driving. Above this point thx 
driver is shaped according to the d 

sign ‘of the tool. This is usually a 
standard construction depending on 
whether the tool is an insert or solid 
spindle typ« 

The subject of tooling, of course, 
covers many additional considerations 
and could, of course, be covered ade- 
juately only in an article devoted ex- 
clusively to that topic. 
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* Expanded diameters are subject to wide varia- 
tion due to the tolerances of the solid and tubular 
rivets. Hole diameters should be checked carefully 
before assembly. 
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Fig. 2—Types of anvils that can be used 
to set tubular, semi-tubular, and split 
rivets include large type rollset, solid 
Star set tip, split rivet tip, small type 
rollset, special split tip, solid special cut 
Star set, special cut roll set, star set 
plunger type set, special cut roll set for 
small diameter rivet, and typical plunger 
pin inserts for various diameter rivets, 


























tained in the relatively short lengths 
of rivets inasmuch as the long lengths 


Rivet and Joint Design Requirements 


Roll-sets are designed to clinch a 
predetermined portion of the rivet 
shank. It generally holds true that a 
maximum allowance of 70 percent of 
the shank diameter added to the com- 
pressed material thickness will pro- 
duce the required rivet length. When 
the correct clinch allowance has been 
determined, a full round set without 
excessive shank distortion is obtained. 
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The tubular portion of the rivet should 
be absorbed in the clinch leaving a 
solid shank thru the assembly, : fford- 
ing maximum shear strength 

Often times it is necessary to sacri 
fice tool life to produce an extremely 
tight joint, where the rivet must .not 
only clinch, but also swell through- 
out its entire length, locking tightly 
in the assembly. This can only be ob 


will tend to buckle. 

In figuring the clinch allowance for 
a split or deep drilled rivet, it is stand- 
ard practice to add a maximum of 100 
percent of shank diameter to the com 
pressed assembly thickness. Due to the 
fact that these types are most com- 
monly used for piercing compressible 
materials, it is advisable to determine 
rivet length by actual test 

Another and equally important con 








Good Poor 
Edge Clearance 
Moking the joint too close to 


the edge does not permit solid 
positioning of riveting tool 





Flange Clearance 
A joint close to a fiange moy 
interfere with the riveting 
operation 


Good 


Poor 
Hole Clearance 
Too much hole clearance allows 
the rivet to buckle on driving. 
See Table for recommendations 
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Heovy and Thin Gage Stock 
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Placing the rivet head on the 

side with the thinner sheet is 

preferred since the upset is 

performed against the heovy 
sheet 








Pivoted Joints 


Three ways of forming are about equally as good,aiso 
tne use of a washer or o shoulder rivet is generally preferred 
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Channel Sections 
Deep channels should be sufficiently wide to provide clearance for the jows Best 
design specifies rivet head be against outside member to keep tools in clear 








Good 
Angulor Sections 
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Moving the rivet hole from under the section 
simplified the riveting operation 
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Rivet Length 


Clinch allowance should be 50 to 70 percent of rivet 
diometer to insure adequote holding areo but ro buckling 
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Good 
Tight Joints 
Normally, rivet must be short 
to allow swelling; long lengths 
create tendency toword buckling. 
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Good Poor 
Anguiar Shapes 
Providing a float permits o uniform 
clinch ond o stronger joint 





sideration is the hole clearance allowed 
for the rivet. Too much clearance will 
allow buckling when the rivet is set; 
too little will prevent the rivet from 
being driven. In Table II are listed 
recommended clinch allowances and 
hole clearances for various rivet types 
and dimensions. Allowances of the 
same order hold for other sizes 
Designs requiring rivets should be 
examined for other clearances required. 
Keeping in mind that the jaws must 
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lower the rivet to the work, interfer- 
ence around the rivet heads should be 
kept to a minimum. Right angle or 
channel formed pieces should provide 
adequate clearance for the jaws. The 
same situation may exist when fasten- 
ing cupped or drawn shells when 
there is not enough room for the jaws 
to lower. Formations of this type are 
often a problem to load on the rivet- 
ing machines. 

Adequate clearance also should be 


allowed around the rivet clinch, so as 
to utilize tools of maximum strength. 
There are definite limitations as to the 
sizes of roll-sets depencing on the 
rivet involved and, if insufficient mate- 
rial is provided around the setting 
tool due to design limitations, the 
tool will quickly chip and crack at this 
point. 

If the rivet is not getting through 
the work, it may be due to several con- 
ditions. First, the hole size in the 
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Multiple Rivet inserts 
in small work especially, rivets should be positioned on 
the some diameters and be equolly spaced to simplify use 
of an indexing fixture 
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Cup Design 
As with chonne! sections, the rivet head should rest 
on the attached member, and (right) inclusion of an 
access hole simplifies the joining procedure 
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hole for tool 
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Machining or forming a fiat onrod and tube allows the rivet head and 
clinch to seat solidly. Also, the shorter the rivet, the less tendency toword 
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strength, washers or burrs are recommended 
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Multipie Rivets 

Cleorance again is the problem; proper spacing 
insures oliowance for the riveting tools 
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Tube 
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Rod and Tube 


Duckling and distortion 
4 








work should be checked to see if the 


and clearances of availabl 


rivet is swelling and locking at the 
start of the clinch. Usually, if this 
condition exists, the head will remain 
slightly above the wotk. This condi- 
tion can be checked by grinding 
through the assembly, for, although 
the head may be flush with the work, 
the shank may be compressing and 
bulging throughout its length. If the 
hole size is correct and the roll-set 
form in good condition, it will prob- 
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ably be necessary to provide a pres 
sure pad in the form of a rubber ring 
or spring located around the roll-set. 
These pads are most commonly used 
with soft rivets such as aluminum and 
silver. 

Riveting equipment ranges in size 
depending on the capacity of equip- 
ment. Assemblies requiring small riv 
ets must be designed so that the riveted 
points are readily accessible to the too!s 
and in keeping with the throat depth 


equip! nt 
This also holds true for ‘he larger 
rivets which in turn will require larger 
machines and more rugged construc 
tion, again affecting the clearances to 
be allowed 

These and other design tips are il 
lustrated in Table III. As a matter of 
record, many additional remarks could 
be added. However, their value would 
be limited to specific rivets and setting 
equipment 





Motor and Gear Train 


Automatic Control 


Fig. 1—Small two-phase 
induction type motors 
commonly used for driv- 
ing instrument and indi- 
cator servo-mechanisms. 





ABRAHAM M. FUCHS 
Project Engineer Eclipse-Pioneer Div. 
Bendix Aviation Corporation 


THREE FUNDAMENTAL CONSIDERA- 
TIONS govern the selection of a motor 
and a gear train for a servomechanism 
application: 

1. Compatibility with environment. 

2. Dynamic characteristics sufficient 
to permit the achievement of the de- 
sired overall bandwidth. 

3. Torque-speed characteristics to 
meet the acceleration and velocity out- 
put specification. 

The third consideration determines 
the power rating of the motor. Within 
the type of motors available in that 
rating, the optimum motor is selected 
on the basis of the results of the first 
consideration. Finally, the gear train 
ratio that best matches the motor to the 
load is selected on the basis of the 
third and other considerations. 

This discussion will explore the 
types of servomotors generally avail- 
able, outline their characteristics, ana- 
lyze the problem of matching the mo- 
tor to the load through a suitable gear 
train, and present a graphical proced- 
ure for solving this problem. This dis- 
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Reference 
field 





Control 
field 





Voriable excitotion 


Constant 
excitation 


E, (20° 








- Rotor 


~~ Output shoft 


E,L0°=K SE) S£(E)=Some tunction of error 


Fig. 2—Excitation of reference field and control field of two-phase 
drivemotor. Amplifiers supply variable voltage for the control phase. 


cussion will not attempt, because of 
space limitations, to correlate the po- 
tential servomechanism bandwidth 
with the motor characteristics. All the 
motors discussed, however, can be em- 
ployed in reasonably fast (10 cps reso- 
nant frequency) systems. 

Motors, clutches, and motor-gener- 
ator systems for driving servomechan 
isms include the following: A-c two- 
phase induction motors; d-c motors; 
magnetic clutches; motor-generator 
electric systems; and hydraulic motors. 


A-C Two-PHASE INDUCTION MOTORS. 
In the small size necessary for instru- 
ment and indicator servomechanisms, 
the common type of driving motor is 
the two-phase induction motor, Fig. 1. 
The reference phase, as shown in Fig. 
2, is continuously excited by a con- 
stant voltage, generally from the a-c 
power line. The control phase is sup- 
plied with a variable voltage obtained 
from electronic or magnetic amplifiers. 
Design data covering the motors shown 
in Fig. 1 are given in Table I. 
Two-phase induction motors are 
available in input power size ratings 
from 3 to 2000 watts. Output torque 
for these sizes ranges from a stall 
torque of 0.3 to 300 ounce in. Maxi- 


mum speeds range from 3,000 to 12,- 
000 rpm. Many induction motors are 
manufactured with a _ tachometer 
mounted directly on the output shaft 
This arrangement facilitates stabilizing 
the servomechanism 

Since they have no commutators or 
slip rings to wear out, two-phase induc- 
tion motors have long life and a high 
degree of reliability. Excessive rotor 
heating, however, may cause bearing 
failure. This hazard can be reduced t 
safe values by adhering to reasonable 
ratings and by providing cooling ar 
rangements when necessary. In 
larger than about 80 watts input, it is 
necessary to cool almost all these mo- 
tors. The larger motors, consequently, 
are usually manufactured with fan mo 
tors in the same housing. 

The ratio of frame dimensions to the 
rating of two-phase induction motors 
increases rapidly in the sizes larger 
than 80 watt input, thus imposing pro- 
portionately greater inertia and slow- 
ness of response. The cost, size, and 
complexity of the driving stage also 
increase with the dimensions. 


SIZLS 


D-C Motors. Servomotors operated 
by direct current are built in two types: 
(1) Split-field construction; and (2) 


Product Engineering — March, 1953 





lection 


Fig. 1 (4) 


ystems 


Ay 











1 Constant 


Permanent 
curren? 


magnet 





Split field 
I, 


i 


(I,+I>) 











Brushes 
4 








I, 











Torque proportiona/ 





Armature current 
Ig=K £/@) Tq 


‘Armature 


(1,-Io)=K f(€) (A) 


Fig. 3 
amplifiers. 


Permanent magnet field construction. 

In the split-field type, Fig. 3 (A) 
the armature is supplied from a con- 
stant current source and the motor 
speed is controlled by the differential 
field current. These motors can be 
driven by vacuum tube amplifiers or 
magnetic amplifiers. They range in 
size from a few to more than 100 
watts. The rate of response becomes 
slower as the size increases 

In the permanent magnet field type, 
Fig. 3 (B), field strength is constant 
and speed is controlled by varying the 
current in the armature. 

Permanent magnet field d-c motors 
are driven from relays, thyratrons, and 
magnetic amplifiers. In general, the 
high-curent low-voltage ratings of 
these motors prevent the use of vac- 
uum tube drive circuits. The construc- 
tion of high impedance armature wind- 
ings is hampered by problems of wire 
size and breakdown of the brushes un- 
der high voltages 

Since the development of permanent 
magnet d-c motors is recent, they are 
most often designed for individual ap- 
plications. Some standard units rang- 
ing in size from 20 to 100 watts out- 
put, however, are available. 

The combination of high curent ca- 
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Direct current servomotors.—(A) Split field construction. 
(B) Permanent magnet field construction. 


(B) 


pacity relays, working from low volt- 
age d-c power sources, and permanent 
magnet d-c motors makes possible high 
performance servomechanisms of small 
overall size having outputs from 10 to 

) watts 

One disadvantage in d-c servomo 
is brush life. Commutation re 
quirements for servomotors are severe 
They may be required to perform 
inder large variations in altitude, tem 
perature, speed and load torque. Op 
rational reliability under such condi 
tions is limited by brush life. Further 
more, a hivh level of brush friction 
can put a scrious deadspace into th 
motor operation 

When short life can be tolerated, a 
higher output can be obtained for a 
given volume from a d-c motor than 
an a-c motor. This is particularly truc 
of the permanent magnet motor. 


tors 


MAGNETIC CLUTCHES. These devices 
vary the coupling torque between two 
shafts by varying the magnetic state 
of a magnetic medium located between 
the input and output shafts, Fig. 4. 
These clutches are suitable for the in- 
termediate scrvomoter sizes, 25 watts 
to 1 hp output. In Fig. 5 is shown a 
4 hp servodrive that incorporates a 


These motors can be driven by vacuum tube or magnetic 
These can be driven from relays, thyratons and magnetic amplifiers. 


magnetic particle clutch. This assembly 
was designed for a special application. 

Any motor can be employed as the 
power source for the input shaft. The 
output torque level of the clutch is 
proportional to the current in the con 
trol winding. When the load torque 
is less than the torque level of th 
clutch, the input and output shafts 
rotate at the same speed. When the 
load torque is greater than the torque 
level of the clutch, slipping occurs and 
the output shaft rotates slower than 
the input shaft 

The amount of heat generated when 
slipping depends upon the difference 
in shaft speeds and the torque level of 
the clutch. The heat dissipating rate 
of the clutch, of course, should be suf 
ficient to dissipate the heat gene rated 
by slipping in a duty cycle 

Bidirectional output rotation can bi 
obtained by employing a pair of mag 
‘etic clutches as shown in Fig. 6. The 
residual magnetism of the clutch keeps 
the gear train loaded in the same direc- 
tion at all times, thus giving the effect 
of a spring loaded gear train having 
no backlash 

The magnetic 
clutch include small size for the power 
controlled, fast response, high power 


advantages of the 
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Fig. 4—Magnetic clutch varies the coupling 
between the input and output fts. 


torque 














Fig. 5—Servodrive, which is rated a } hp, that 


contains a magnetic particle clutch. 


Fig. 6—Pair of magnetic clutches as employed 


Mognetic fluid Z 
or magnetic powder I 


to obtain bidirectional output rotation. 


gain, and smooth action. The disad- 
vantages include heating when the 
duty cycle calls for long periods of 
operation at high values of slip, pos- 
sibility of clutch material getting into 
the bearings, wear of clutch surfaces, 
and nonlinear response to rapid varia- 
tion of input signal. 


Hysteresis CLUTCHES. These clutches 
employ no magnetic coupling medium, 
but depend for their action on the 
magnetic state of the iron in their in- 
put and output members. 

The permanent magnet clutch is 
somewhat slower in response than the 
magnetic types, but because of its en- 
durance and reliability the permanent 
magnet clutch has an important posi- 
tion in servomechanism applications. 


MorTor-GENERATOR ELEcTRIC Sys 
TEMS. The basic principles of the 
functioning of one system are shown 
in Fig. 7. The prime power source is 
generally an electric motor. This mo- 
tor drives a generator the field of, 
which is contrclled by some electronic 
means. As the field current is varied, 
the voltage output of the generator is 
varied and thus drives the output mo- 
tor at varying speed. In another sys- 
tem, a special connection of the gen- 
erator increases the gain of this unit 
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Control current — Fig. 4 
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Magnetic 








and thus permits the control of high 
power output levels with compara- 
tively small control signals. 

While these systems are relatively 
large, they are capable of rapid re- 
sponse, and have a high degree of re- 
liability and long life. 


Hyprautic Moror. In this type of 
servomechanism drive, a piston type 
hydraulic motor or a ram is supplied 
with oil under high pressure delivered 
at a controlled variable volume. In 
some arrangements, the motor or ram 
is supplied directly from a variable 
displacement pump. Another arrange- 
ment is to meter a high pressure supply 
to the motor or ram by means of a 
variable displacement piston and cy- 
linder combination of one or two 
stages as shown in Fig. 8. The con- 
struction of these pumps and piston- 
cylinder combinatioi.s is such that the 
amount of their stroke displacement 
is controlled by solenoids or torque- 
motors. These in turn are readily 
matched to an electronic amp‘ifier. It 
is not uncommon to control’a 6 hp 
hydraulic motor with a torquemotor 
receiving only one watt of control 
power. The single stage 3 hp hydraulic 
ram shown in Fig. 9 is controlled with 
2 watts of electrical power. 

The piston type hydraulic motor is 





clutch No.2 


Th 


Control current =(1,-1,) 














most frequently applied when rotary 
output motion is desired, while the ram 
is gaining increased acceptance in ap- 
plications calling for linear motion 
The ram effectively eliminates the mor 
expensive and complex gearing re- 
quired to go from the high speed ro 
tary motion of the piston type hy 
draulic motor to the low speed linear 
output motion. 

When the effect of oil compressi 
bility is minimized by using a short 
pipe line between the source of pres 
sure supply and the hydraulic motor, 
the response of the system is extremely 
fast. Often the motor is capable of 
producing accelerations greater than 
100,000 radians per sec per sec with 
a bandwidth in excess of 25 cycles per 
second. 

The hydraulic motor is small in size 
and has a fast response and a high 
power gain. Auxiliary equipment such 
as pumps, lines, filters, accumulators, 
and vaiving, however, are necessary 


Selection of Gear Ratio 


Having selected the type of motor 
that best suits the application, the next 
step is to decide upon a motor having 
characteristics that will adequately per- 
form the work required, and then to 
match the motor to its load with a suit- 
able gear train. 
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Fig. 9—A single stage 3 hp 
hydraulic ram that is controlled 
with 2 watts of electrical power. 


Fig. 8—Variable displacement 
piston and cylinder combinations 
for metering oil supply. (A) 
Single stage, shown in zero out- 
put position. (B) Two stage; 
pilot piston meters oil to power 
piston. Power piston in turn 
meters oil at a higher rate to 
hydraulic motor or ram. 


It is assumed that the following 
characteristics of the motor and the 
load are known: 

1. Motor inertia. 

2. Torque-speed characteristic of 
the motor under maximum input con- 
litions. This information can gener- 
ally be obtained from the manufacturer 
of the motor. 

3. Load inertia 

4. Required load acceleration capa- 
bility as a function of load speed. This 
information is generally given as part 
of the servomechanism specification or 


n be deduced from it. 


Wher 


Ji = moment of inertia of load about load 
axis, Oz in. sec? 

J» = moment of inertia of motor about 
its axis, 0z in. sec? 

f; load acceleration, rad/sec* 

7; load torque, such as work performed 
and friction at the output, oz in. 

7, = motor torque, oz in. 
gear ratio, that is, ratio of motor 
shaft speed to load shaft speed. 


It is evident that during acceleration 

relation between the motor load 
and the output load is 

JAP-Tehh+eh=0 (1) 


To meet the conditions of Eq (1), 
the gear ratio G has a real value only 
when 


(Tn®/Jm) 441 (Jt4i + Ti) (2) 
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The left hand term of Eq (2) may 
be considered a Figure of Merit for 
the motor. The right hand term rep- 
resents an Acceleration Loed. 

In applying Eq (2) to determine 
whether or not a motor can meet the 
acceleration requirements of the load, 
cure must be taken to evaluate the Ac- 
celeration Load and the Figure of 
Merit under approximately equivalent 
speed conditions and at the speed 
where the motor experiences the great- 
est difficulty in accelerating the load 
to the degree required. 

After a suitable motor has been se- 











Control 
current 
= 


Exhaust 


To ond from hydraulic motor or ram 


lected to meet the acceleration require- 
ments, it is necessary to determine 
whether the range of acceptable gear 
ratios gives the desired range of out- 
put speed. 

By defining K, .o be an Accepta- 
bility:Factor equal to the ratio of the 
Figure of Merit to the Acceleration 
Load, and substituting K, in Eq (1), 
the value of the range an acceptable 
gear ratio is 


— - K,-1 
G adi [1s K | (3) 


Note that K, must be greater than 





for the motor to m« 


unity 


ition Spec ification 


In t 1¢ analy iS, th 
the sear train inertia has been ne 
This effect, may often be 
dominant factor in overall 
A precise evaluation of the effect of 


ne rally is too con 
der 


forcgoing 


glect d 
r sponse 
gear train incrtia pe 
plex and time consuming to consid 
in the preliminary analysis. Most ap 
plications are suc h that the dimensions 
of the gears immediately following 
the shaft are determined by 
practical limitations rather than by the 
overall gear ratio. Since thesc 
contribute the predominant portion o! 
the gear train inertia as referred to the 
motor shaft, satisfactory preliminary 
results are obtained by including in 
the motor inertia an estimated approxi- 
nate value of the inertia of these gears. 

As it becomes clearer just which size 
motor will suffice, the approximations 
igain more exactly to ar 
rive at a rapidly converging design 

Finally the torque-speed curve of 
the motor should be converted into an 
acceleration-speed curve of the output 
A procedure is as follows 

Define a Matching Factor K,, as 


motor 


gears 
gea 


can be made 


Kn =G VJn/)i 


Km 
2 
mt 8) 


‘ieaaoes torque Xx 
Vad (K 


T 
K-— Output accelerowion ss > geese 


Output accelerstion ——> 





solving 


Substituting Eq (4) in Eq (1) and 


for the acceleration A, giv 


S 


Ta ks 
v idm A,,? +1 


Thus to convert a torque ordinate 
on the motor performance curve to an 
output acceleration A,, the 


iS multiplied by 


torque r 


Km/ VJiJm (Km? + 1 SA 


and from the quantity (5A) is sub 


tracted 


Tif Ji (Kn? +1 SB 


Since the quantity (5B) 1s constant, 
its subtraction from the quantity (5A) 
the curve for quantity (5A) 
down by a constant amount. 

The motor speed 
course, is multiplied by 1/G to obtain 
the specd of the output shaft. 

This procedure results, as 
10, in a curve that relates 
acceleration capability with load 
Repetition of this procedure 
for a few values of gear ratio and re- 
fined approximations of gear train in 
ertia should indicate the gear ratio that 
gives the most desirable relation be- 
tween acceleration and speed output 
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in Fig 
| 


loac 


speeds 


= @ constant value 


_- Output acceleration vs speed 
a“ 


ue Specified output 
occe/lerotion vs speed 





Fig. 10 


Fig. 10—Graphical design proce- 
dure in relating load acceleration 
capability with load speeds. 


Fig. 11—Example to demonstrate 
design procedure in the selection 
of motor and gear ratio for driv- 
ing the arm of a plotting table. 
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EXAMPLE OF DESIGN PROCEDURI 
Consider the problem of driving th 
arm of the plotting table shown sch 
matically in Fig. 11. The arm weighs 
9 Ib and is driven by a metal belt run 
ning over a 2.5 in. dia pulley 

The inertia load is therefor 


The output arm acceleration capa 
bility must exceed 100 in. per sec per 
sec at all speeds from 0 to 18 in? px 
For the maximum condition 


oC 


100 /(2.5/2) = 80 radians per sec® 
The maximum friction load is 10 oz, ot 

T,; = 10 
The Acceleration Load is 

} f; Ji {; Ti) or 

4x 80 [0.584 x 80+-12.5]= 


Based 
ar train 


1.25 = 12.5 in. oz 


18,950in 


on previous expericn 


inertia 1s cst ited as 


Ta = 0.07/386 = 1.8 10“ in. oz se 


The next step is to select a motor 
having a Figure of Merit that is equal 
to or greater than the Acceleration 
Load. In the process of selection, con 
sider a CK-2000-1A two-phase in- 
duction motor, the torque—speed 
curves of which are given in Fig. 12 
for a reference field excitation of 64 
volts. From these curves, for a speed 
of 4,000 rpm and for a control field 
of 64 volts, the motor torque is 


Tn = 


1.75 in. oz 
Therefore: 


< 7 = See 
Be » 22 10-4 - , In. OZ/ Sec 


This Figure of Merit, even without 


Fig. 12—Torque-speed curves for a 
CK-2000-1A two-phase induction mo- 
tor. Moment of inertia of motor is 
2.2x10~ oz in. sec.* Curves are for 
a reference field excitation of 64 volts. 


Fig. 13—Torque-speed curves for a 
CK-3000-1A modified two-phase in- 
duction motor whose moment of inertia 
is 3.6x10~ oz. in sec.2 Reference field 
excitation is 110 volts. 


/D0=2 Sin. 








‘--Pulle : 
, Specification: 


Ay = /00in./sec* 
18 in./sec 


“< 


‘\ Geor train 


Beat 
\ 
\ 
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considering the gear train, is less than 
the Acceleration Load (18,950 oz in 
The CK 2000-1A_ motor, 
therefore, is not adequate to drive the 
table arm 

Next investigate the suitability of a 
CK-3000-1A modified motor, the 
torque speed curves of which are given 
in Fig. 13 for a reference field excita 
tion of 110 volts. From these curves, 
for a motor speed of 2,000 rpm and 
for a control field excitation of 240 
volts, the motor torque is 


sec"). 


Tm = 14 ozin 


therefore, the Figure of Merit for this 
motor, without the gear train, at the 
stated conditions is 


14? 


: - = 54,444 
3.6 X 10% 


Thus the modified CK-3000-1A 
motor will drive the load with an ac- 
ceptability factor of 

Kq = 54,444/18,950 = 2.87 

Since the estimated gear train inertia 
is 5 percent of the moment of inertia 
of the motor, the Acceptability Factor 
when modified to include the gear 
train becomes 


Kg = 2.87/(1 + 0.05) = 2.74 


From Eq (3), the range of usable 
gear ratios 1s 


14 , 
x (3.6 107*+-1.8 x 10) & 80 


|= +7 on 


motor speed of 2000 rpm and 
an arm velocity of 18 in. per sec, a 


For a 


gear ratio of 14.6 is required. In the 
interest of simplicity of design and 
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Fig. 14—Output acceleration and output speed curve for selected motor and gear train 


construction, a gear ratio of 16 to 1 
will be chosen. 
For this gear ratio, factor K,, is 


Kn =G V(Ju t+ Jo)/ji 


= 16 V¥(3.6X107*+1.8x 10) /0.584 


1.28 


To check graphically the capacity of 
the selected motor and gear train to 
deliver the required output acceleration 
over the required range of output 
speed, construct a diagram like that 
shown in Fig. 14. The ordinates of 
the shaded portion of this diagram are 
units of output acceleration. These 


ordinates are obtained by multiplying 
the ordinates of the motor torque 
speed curve, at 240 control field volt 
age, of Fig. 13 for each speed by 
K.. 

Vi Um + Je 


) 


= 10.3] 


K) m=? + 1 


and subtracting from eal 
products the quantity 
| 
i 


~ 0.584 = 6 


t 2.5 

Ji (Kn? +1 1.28°+1 
It is evident from Fig. 14 that the 

selected motor and gear train will ful- 

fill the specifications of the problem 








° 


Motor torque, oz. in 














Speed, rpm 





Table I—Guide for Selection of Lubricating Oils for Plain Bearings 


Viscosity in SSU @ 100 F 


Medium Load 
100 to 250 psi 





Speed, rpm Light Load 
Up to 100 psi 
*Application Method 
“ontinuous Once-through 


Heavy Load 

Above 250 psi 
Application Method Application Method 

Continuous Once-through Continuous Once-through 





,000-10 ,000 
3, 500-5 ,000 
,000-3 , 500 
000-2 ,000 
500-1 ,000 
300-500 
100-300 
50-100 
Under 50 


40-65 

65-85 

85-100 
100-150 
150-300 
300-500 
500-800 
800-1 , 200 
, 200-1, 800 


65-85 - 
85-100 - 
100-150 
150-300 
300-500 
500-800 
800-1, 200 
1,200-1,800 | 
1 ,800-2 , 600 


150-300 
300-500 


300-500 - 
500-800 i 
500-800 800-1 , 200 - 
800-1 , 200 1, 200-1 , 800 1, 750-3 ,000 
1, 200-1 , 800 1, 800-2 , 600 1,750-3 ,000 
2 ,400-7 ,000 


7 , 400-7 ,000 
1,800-2 ,600 2, 300-3 , 300 4 


, 400-7 ,000 
,400-7 ,000 





[hese recommendations are specific to plain bearings operating under uniform load conditions at operating temperatures 
berween 60 F and 140 F. Where extreme or intermittent shock loading exists, extreme pressure high film strength type oils 
of comparable viscosity should be employed. 


*—Continuous Application Methods provide a constant flow of oil to the bearings and include ring oilers, collar oilers, 


circulating systems, mist or fog lubricators, bath or splash systems. 
Once-through Application Methods provide intermittent amounts of oil to the bearings and include bottle oilers, wick-feed 
oilers. drop-feed oilers, mechanical force-feed oilers and oil cams. 








Selecting the Right 


Plain Bearing Lubricant 


B. M. DUNHAM 


Technical Consultant 
Sun Oil Company, Philadelphia, Pa. 


IN SELECTING the proper lubricant for 
a plain bearing there are two factors 
to consider: the type of oil, and the 
viscosity of the oil. For a specific bear- 
ing application, the oil viscosity and 
type depend on the speed, load, type 
of load, temperature, and method of 
oil application. 


Speed 


The speed of the shaft is the most 
important variable. The lower the 
speed, the higher must be the oil vis- 
cosity to produce a load-supporting 
film. Conversely, the higher the speed, 
the lower must be the oil viscosity. 
Thus, for any given speed there is a 
viscosity range which will offer the 
most efficient lubrication. If the oil 
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has too high a viscosity it will be too 
heavy to form the proper wedge be- 
tween the journal and the bearing. 
This is particularly true where once- 
through methods of application, such 
as a drop-feed oiler, are used. High 
viscosity may also cause overheating of 
the bearing because of fluid friction. 
This condition is more likely to occur 
under continuous flow methods of 
lubrication. 

If the viscosity is too low, the oil 
film will not be thick enough to pre- 
vent metal to metal contact and wear 
of bearings and journals will take 
place. This condition occurs in the 
lower speed range or where the sur- 
face finish is rough. 

Side-leakage is also a factor. To 
form and maintain a complete oil film, 
a sufficient quantity of oil of the cor- 
rect viscosity must be delivered to the 
bearing to compensate for any loss 
through side-leakage. In many cases, 
this consideration will determine 


whether or not a plain bearing is 
operating under thick film or boun- 
dary lubrication conditions. 


Load 


It is generally accepted that the 
heavier oils have higher load-carrying 
ability than the lighter, less viscous 
oils. In practice, the heavier the load, 
the higher the required viscosity; con- 
versely, the lighter the load, the lower 
the required viscosity. Here again, 
there is a viscosity range within which 
the highest efficiency will be obtained. 

In a given application, if it is known 
that the unit pressure on the bearing 
is so large that straight mineral oils 
will not have sufficient film strength 
or load-carrying ability to prevent 
metal-to-metal contact, then com- 
pounded or extreme pressure oils hav- 
ing high oiliness characteristics should 
be used. For equivalent viscosities 
these oils will carry a heavier load. 
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Type of Load 


Most plain bearings operate under 
uniform load conditions. However, in 
some applications the loading fluctu- 
ates. Shock loading, intermittent load- 
ing and reversals of load all cause 
special lubricating problems. Many 
plain bearings used in conjunction 
with gears are shock loaded or “ham- 
nered” by the sudden application of 
reavy loads. In this case compounded 
or extreme pressure high-film-strength 
ails are used; preferably in the vis- 
cosity range suitable for the specific 
speed conditions. 

Reversal in loading is a condition 
where the direction of rotation of the 
journal is suddenly reversed or where 
the load is applied in more than one 
direction. When a journal is reversed 
during operation, an oil wedge must 
be present on both sides of the journal 
to accommodate an adequate film. 
Continuous flow of straight mineral 
type oil under pressure gives adequate 
lubrication to reduce metal wear in 
such applications, unless very heavy or 
shock loading accompanies such re- 
versal. 


Temperature 


The normal operating temperature 
range of industrial plain bearings is 
between 60 F and 140 F. Plain bear- 
ngs operating below or above this 
range require special consideration in 
determining the proper lubricant. 

As temperature is increased, the vis- 
cosity of any mineral oil decreases. If 
the viscosity decreases to a point where 
the film thickness between the journal 
and the bearing is too thin, boundary 
lubrication results. Under boundary 
(thin film) conditions there is an in- 
crease in sliding friction, a resultant 
increase in temperature, and greater 
wear. To alleviate this condition either 
a heavier oil or an oil having higher 
oiliness and higher film strength is 
used. If the oil has a low viscosity in- 
dex, the 
corrected by using an oil having a 
higher index. As the temperature is 
increased, oils of high viscosity index 
do not thin out as rapidly as do low 
viscosity index oils 

Bearing oil temperature should be 
kept below 140 F if possible, since the 
rate of oil deterioration doubles for 
about every 18 F temperature rise. 
Therefore, special cooling equipment 
may be desirable on systems using 
plain bearings with continuous meth- 
ods of lubricant application. When 
plain bearings are operating above 
140 F and are lubricated by once- 
through methods of application, 
straight mineral oils of proper viscosity 


Situation can sometimes be 
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give satisfactory results. Where a con- 
tinuous method such as a circulating 
system is used, high quality oils con 
taining oxidation inhibitors are the 
most satisfactory. 


Method of Application 


There are two types of lubricant 
application: and once 
through. Continuous application meth 
ods provide a constant flow of oil to 
the bearings and include ring oilers, 
collar oilers, circulating systems, mist 
or fog lubricators, and bath or splash 
systems. Once-through methods pro- 
vide intermittent amounts of oil to the 
bearings. These include bottle oilers, 
wick-feed oilers, mechanical force-feed 
oilers, drop-feed oilers and oil cans. 

Bearings lubricated by a continuous 
method derive the benefit of the cool- 
ing effect of the oil and are generally 
more dependable. Lighter viscosity 
oils may be used in continuous appli- 
cation systems than those applied to 
bearings by the once-through type ap- 
plicators. In continuous systems, the 
same oil is used over and over again 
with an economy in lower oil use and 
labor costs. These Savings generally 
more than offset the higher cost per 
gallon of the better quality oils re- 
quired in continuous systems. 


continuous 


Under a specific set of speed and 


load @onditions, slightly higher vis 
cosity oils are used for once-through 
methods than continuous methods of 
application. This compensates for the 
lack of a steady supply of oil. The 
heavier grade is necessary to maintain 
the proper film thickness until the next 
droplet is supplied to the bearing 
Then again, bearings operating under 
once-through methods gencrally run 
hotter and a heavier oil is required be 
cause of the lower viscosity and high 
end-leakage 

The aftect of these five variables on 
the selection of an oil of the proper 
viscosity is shown in Table I. In this 
table the bearings are assumed to be 
operating at a temperature | 
60 F and 140 F 
conditions. 

As an example, the proper viscosity 
of an oil to lubricate a plain bearing 
operating at a temperature of 120 F, a 
speed of 750 rpm, a unit pressure of 
less than 100 psi, mechanical force-ieed 
application, and with uniform loading 
is determined as follows. Follow the 
speed column down to 500-1,000 rpm. 
Then cross horizontally to the third 
column under light load and once 
through application. The correct vis 
cosity range is 300-500 SSU at 100 F 
From the previous discussion, a good 
grade of straight mineral oil in this 
viscosity range should be satisfactory 


tween 
under uniform load 


ig. 1—Crankshaft bearings with combination circulating and splash feed system. 





Dessicator 


Compressed 
air inlet 


Outside Controls in Lightweight 


Ingenious use of V-ring packings and gear trains al- 
lows the Fenjohn Co. Ardmore, Penna., to bring all 
controls outside of the water tight case of a light-weight, 


electrically operated, 16mn: motion picture camera. With 
this arrangement, the photographer can focus, and 


change lens aperture, shutter speed, and filters under- 
water. The anodized aluminum case reduces weight to 
22 lb compared to over 100 Ib for conventional under- 
water cameras. 

Fenjohn uses a standard 16mm Bell and Howell cam- 
era to which they have added three additional speeds. 
These speeds were gained by adding an auxiliary spring 
to the fly ball, two weight governor so that it would 
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operate at either of two conditions. As a result, each of 
the three standard gear trains is capable of two different 
speeds. Modification to obtain this involved cutting two 
detents 60 deg. apart on the triple cam which actuates 
the engagement of the variable tumbler gears. When the 
connecting rod from the governor mechanism lies in a 
detent, the governor permits three new speeds; when the 
connecting rod lies on the cam surface, the governor 
permits the three original speeds. Eighteen 1}v dry cells 
power the motor. 

Simple hasps are used so the camera can be opened 
for film reloading without special tools. Body parts are 
sealed by O-rings. Tested in depths up to 245 ft with- 


Product Engineering — March, 1953 





© Lens aperture selector Filter selector gearing 
> gearing 


Filters 


Underwater Camera 


out leaking, the camera requires internal pressurization 
only when used at depths in excess of 100 ft, Pressuriza- 
tion at other depths is useful to indicate if dirt par- 
ticles are interfering with O-ring sealing. 

Designed by the Fenjohn Coinpany with special engi- 
neering by the Barnes Development Company, Lans- 
downe, Penna., the camera also has above-water uses 
Because the aluminum case protects the camera mech- 
anism from shock and debris, the camera can be used to 
photograph destructive tests and explosions when stan- 
dard photographic equipment might be damaged. The 
Photographic Instrumentation Division of J. A. Maurier, 
Inc., Long Island City, N. Y. distributes the camera. 
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PRODUCT BESIGNS 


Underwater Camera (continued) 








Shutter Lens 
speed apperture 
selector Arob 

knob 


HOW controls are made water 
tight. Neoprene V-rings on the 
coaxial shafts seal out water and 
seal in compressed air. All bear- 
ings on the shafts are made of 
nylon for improved resistance to 
corrosion, except the inside bear- 
ing which is made of bronze for 
added strength. 


RIGHT HAND SIDE. Filter s 
lector knob is knurled to inner shaft 
so that rotations of knob are trans 
mitted through small bevel gear to 
filter selector gearing. Focusing 
knob is locked to outer shaft on 
which large bevel gear is keyed 
to transmit rotation through gear 
ing to the lens. 


LEFT HAND SIDE. Shutter speed 
selector knob is knurled to inner 
shaft which goes directly to speed 
control mechanism in the camera 
body. Aperture selector knob 
screwed to flange on outershaft 
transmits rotation through a bevel 
gear to the ring gear on the lens. 


Filter 
selector 
knob 


LV. ring 
--Focus knob 


 Oilite bearings 


"filter shaft 
Set screws 
! ' 
1 ‘ 
| ~Ring gear 
Scale -’ that uses lens 


SPEED CONTROL MECHANISM. Detents spaced 60 deg 
apart permit three additional speeds. Triple cams with 
lobes 120 deg. apart control engagement of the proper gear. 
In detent, connecting rod pulls auxiliary spring away from 
main governor spring and changes characteristics of governor. 
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Auxihary spring binds - 
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Chrome-Moly Steel Tubing 


Bourdon tube 
element 


Tube tips 


Cuts Bourdon Tube Rejects : 


In order to reduce rejects during manufacture of Bour- 
don tube elements for the William S, Haines Company's 
“Vento” Steam Trap, metallurgists at the Superior Tube 
Company recommended changing the tube macerial from 
conventional alloys to AISI 4130 cchrome-moly_denum 
alloy steel While the design of the trap was function- 
ally sound, the production department had to scrap 
large numbers of Bourdon elements because of tube 
fracture during bending and tip forming operations. 

The metallurgists found that the combination of chro- 
mium, 0.80 to 1.10 percent, and molybdenum, 0.15 to 
0.25 percent, made the alloy sufficiently ductile to with- 


stand a 180 deg. cold-bending. And at the same time, it 
retained enough ductility after bending so that tube ends 
could be reformed to perfect roundness for tip insertion. 


In addition, the chromium content tends to form a 
surface carbide that increases corrosion resistance of the 
element in the steam atmosphere. Silicon, 0.20 to 0.35 
percent, was added to the alloy, and imparts drift and 
relaxation resistance to increase the length of the Bour- 
don element’s accurate service. 
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Adjustable a 
screw 


Union rut 
Tail piece 


Steam 
hire 


Valve seat 


Valve plug and stem 


CROSS SECTION of the Haines “Vento” steam 
trap. During “heatup” as steam builds up in the 
chamber, the Bourdon element expands and forces 
valve plug and stem into the valve seat of the 
inlet valve port. This closes the trap and pre- 
vents the escape of hot and 
condensate have been removed line 
through plug at base of trap. 


Steam atter air 


from the 


8 


ourd 


Sent 


DUCTILITY of Chrome-Moly alloy permits 
this 180 deg. cold bending operation in the 
manufacture of Bourdon ments. To 
bend the alloy, shaped plunger is forced down 
on the tube, supported by a lead mandrel 


tube ce! 


RESIDUAL DUCTILITY of AISI 4130 alloy 
permits reforming the tube to pertect 
ness after the bending operation 
tion is required to permit the insertion of 


element tips that are held in place by crimping 


round 


This opera 
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Elnograph cover 


Stitch 
width 
contro/ 
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Plastic Cams Control 
Automatic Sewing Machine 


Single or double disk cams con- 
trol the type and length of stitch in 
the new Elna Portable electric zig- 
zag sewing machine, first automatic 
family machine (in a zig-zag sewing 
machine, the needle bar can swing hor- 
izontally and vertically; in straight- 
stitch machines, the needle bar is 
limited to vertical motion only). 


140 


When a single cam is used, the 
operator sets the length of stitch 
manually with a hand control. As 
the cam, driven by the motor fly- 
wheel, rotates, a follower moves the 
needle bar mechanism to produce 
the specified stitch. The double cams 
are actually two disk cams cut on a 
single blank. While the lower cam 


AAAS 


Stitch length 
control 


Work light 


actuates the needle bar mechanism 
as a single cam, the upper cam con- 
tinuously varies the stitch length in 
a predetermined manner. To change 
to a new stitch, the operator merely 
changes cams. The operator can 
straight stitch at any time by mov- 
ing the stitch width knob pointer to 
the far left or zero position. 

A 1/25 hp a-c d-c series-wound 
motor powers the Elna, with power 
being transmitted around-a-corner to 
the flywheel through a cone friction 
drive instead of bevel gears. An un- 
usual cord and metal drive belt car- 
ries power from the flywheel in the 
upper portion of the machine to the 
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(LEFT) Typical cams available 
for a variety of sewing Operations. 
Double cams (under machine) per- 
mit more complicated stitches than 
a single cam (at near left). On 
each cam, there is impressed a copy 
of the stitch it produces. There is 
also a number so that the housewife 
can look up a particular stitch in 
the instruction manual and deter- 
mine the proper cam to use. There 
are over 100 phenolic cams avail- 
able. Changing cams takes only a 
few seconds. Cams and machine 
are made by Tavaro S. A., Geneva, 
Switzerland. It is distributed in the 
United States by the Elna Sewing 
Machine Company, 164 W. 25 St., 
New York, N. Y. 


(BELOW ) Elnagraph (with cover 
removed) is brain of automatic 
sewing machine. When single 
cams are used, left hand cam fol- 
lower transmits motion to needle 
bar for oscillation; stitch length is 
set by manual control. When dou- 
ble cams are used, cams automatic- 
ally control both stitch length, per- 
mitting rythmic variations, and 
needle oscillation. 

There are four controls on this 
machine: a speed control (knee 
lever), an on-off light switch, stitch 
length control for use when single 
cams are used, and the stitch width 
control. When the latter is set on 
zero, machine sews conventional 
single stitch. 

(Continued on next page) 


Com follower 
rotary shuttle drive in the lower por- §& one . 
tion of the machine. a —_———_ witch length 
Speed control, from zero to 1,500 
rpm, is maintained by operator’s 
knee pressure on the knee lever. The 
control consists of a series of resis- 
tant metal strips with contact but- 
tons. When the operator exerts 
slight pressure, the control arm 
moves to close one or two of these 
contacts, electrical resistance remains 
high, so motor speed is low. As more 
pressure is exerted, more contacts are 


closed, connecting more strips in 
parallel, and reducing total resis- 
tance. At full speed, all the resis- 
tance strips are connected in parallel. 
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PRODUCT DESIGNS 


CUTAWAY shows driving mechan- 
ism for needle bar. Eccentric provides 
vertical motion to needle bar through 
bracket attached to bar. Lever arm 
from zig-zag cam follower moves 
C-frame bracket to oscillate needle 
bar for horizontal motion. For un- 
usual effects the machine may be 
equipped with a double needle. Cam 
control of this is the same as when a 
conventional single needle is used. 


SCHEMATIC of transmission (be- 
low) shows how power is transmitted 
from a single motor to all parts of the 
machine. Bevel friction wheel replaces 
conventional bevel gearing because it 
provides quieter operation. Nylon 
gears are used throughout the machine, 
where possible, to help keep machine 
noise to a minimum. Note that there 
are two main driving mechanisms: at 
the top of the machine to supply the 
horizontal and vertical movement of 
the needle bar, and at the bottom of 
the machine to provide rotary motion 
of the shuttle and the stitch width 
adjustment. 
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Cam follower 


ANOTHER VIEW of  Elnagraph 
shows stitch length cam _ follower 
When stitch width control is set at zero 
width (as in cut) machine straight 
stitches like ordinary sewing machin« 

Note unusual drive belt that transmits 
power to lower portion of machin 

Centering device permits moving 
needle by hand to check machine be 

fore starting 


SPEED control mechanism. Movement 
of knee lever brings speed control 
switch against first contact button to 
put first resistor strip into motor cit 
cuit. Since electrical resistance is high, 
motor speed is low. Additional kne« 
lever movement puts more resistors 
into the circuit in parallel, decreasing 
resistance to increase motor speed 


(LEFT) Elnagraph is a complete unit 
that may be purchased to convert 
standard Elna sewing machines to 
automatic zig-zag machines. Nylon 
gear is used to reduce gear nois 
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Bridge-Type Design 
Toughens New 


Instrument 


Basic concept in the design of a new line of rug- 
gedized instruments developed by the Weston In- 
itrument Company, Newark, N. J. is the strength- 
ening of moving parts by increasing their torque- 
weight ratio while decreasing their mass. Many 
parts have characteristic “bridge design” or truss 
shapes to withstand severe shock, rough handling, 
climatic extremes and sudden changes in tempera- 
ture. These instruments are the latest development in 
the ruggedization program (see Product Engineer- 
ing, December, 1952, page 146). 

In the confined gasket system that hermetically 
seals the unit, the flat non-breakable thermoplastic 
window typifies the design theory. The truss shape 
of the rim edge serves a triple purpose: to increase 
mechanical strength, to increase dielectric strength 
and to position the gasket seal. In addition, the use 
of plastic permits adding a zero corrector. 

To protect against heavy shock, Weston doubled 
the thickness of the metal case since strength is pro- 
portional to the cube of thickness; they lined the in- 
terior of the case with a rubber that also increases 
dielectric strength of the instrument; and they lo- 
cated a brass anchor plate in the rubber shock mount 
so that the mount acts as a spring to absorb energy 
of heavy blows. 

The moving element has been strengthened by a 
reduction in mass and inertia, and is protected by a 
box-type reinforced structure that locks the core 
and lower bridge in position. Boro-silicate glass 
jewels are spring backed and provided with a 
shoulder to nullify shock. In the moving coil frame, 
Weston uses a special aluminum alloy that com- 
bines high electrical resistance with good mechan- 
ical strength since brass is too heavy. 

Weston offers two models: (1) Class 52 (d-scrib- 
ed here) for use with back lighting, (2 ass 51 
characterized by a full flanged diameter thermo- 
plastic window for use with edge lighting. The Sig- 
nal Corps has granted qualification approval under 
specifications MIL M-10304 Sig C. to the Class 52 
d-c instruments in ranges from 300 microamperes to 
eight milliamperes. 
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PRODUCT BESIGNS 


Tapered Rotor 
Supplies Built-In 
Motor Brake 


A tapered rotor in the Swiss Brown Boveri “Quick 
Stop” motor permits combining drive and brake in 
one unit. When the motor is started, the tapered rotor 
unbalances the magnetic field so that a horizontal 
force builds up and moves the rotor horizontally 
about 3/64 in. to magnetic center. The motor then 
runs as a conventional squirrel cage induction motor. 
When the power is shut off the horizontal force dis- 
appears. A spring pulls the rotor out of magnetic 
center and at the same time applies the brake pres- 
sure plate to the lining, stopping rotation. 

Since the horizontal force is a holding force, no 
work output is lost when the motor is running. Taper 
is so slight it has no effect on motor operation. 

Because the unit has no backlash or tendency to 
creep, the motor is applicable for drives with fre- 
quent starts and stops and when the drive shaft must 
be held firmly at stand still. The time required to stop 
the motor after power is off depends on the size of 
the motor and the inertia of the driven machinery. 
Since braking torque is approximately equal to aver- 
age line starting troque, the motor starts and stops 
with the same speed. It will stop and brake with 
150 percent of normal torque. 

When using the motor, the type of mounting dic- 
tates the spring characteristics. In vertical mounting, 
a different spring is required when the shaft end is 
up than when the shaft end is down to offset the 
effect of gravitational forces. 

The motors, 3 phase, 60 cycles, 220/440 volts, are 
available for forward or reverse operation, and in 
drip-proof or fully enclosed models. In the United 
States, the Brown Boveri Corporation, New York, 
N. Y., distributes this motor. 


FULLY ENCLOSED MOTOR with built-in brake uses same 
frame as conventional motor made by this company. Fully 
enclosed models are available in ranges from 0.4 to 4 hp; 
drip-proof models range from 0.5 to 8 hp. Motor was designed 
and built by Brown Boveri and Co. Limited, Baden, Switzerland 
for drives that have frequent starts and stops. 


Cooling fari for 
brake mechanism 


Cooling blades 
for motor 


Brake spring 


INJECTION MOLDED ROTOR has conical shape, barely 
noticeable, instead of conventional cylindrical shape. Brake is 
mounted on end of rotor shaft. Motor cooling fan blades 
are an integral part of the rotor. 





Wear Resistant Coatings to Protect Ferrous Metals ‘ 


THERE ARE FIVE different kinds of Among the first group, the best powdered metal, not so familiar, 
coatings available to protect iron and known are metal spraying, in which builds up protective layers from 
steel moving parts subject to wear: almost every type of metal or metal 0.0004 in. to 0.001 in. thick. 

1) mechanically applied metal; 2) alloy can be built up to a thickness In chemically reactivated films, a 
chemically reactivated; 3) fused or of an eighth of an inch, hot dipping chemical reaction occurs between the 
vitreous; 4) electroplated, and 5) mis- such as tinning or galvanizing, and ferrous part and some reagent. Phos- 
cellaneous films. welding. Cementation or fusing with phate treatments form a relatively soft 
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EXPLODED VIEW OF 


signed to permit ,; in. 


MOTOR 


rotor. 


the brake lining 


FIELD COILS and housing look like 


standard motor, but bore has been 
tapered to match rotor. Interior is fin 
ished by turning on a lathe. 


Ball bearing is de- 
travel of rotor shaft, while thrust 
bearing absorbs end forces resulting from movement of 
For easy maintenance, brake is designed so that 
entire brake housing is replaced as a unit instead of just 
Lining will withstand 30,000,000 stops 


Brake lining 
and housing 


Connecting 
studs 





Motor has two fans 
and armature, one on brake pressure plate cools brake itself 
In totally enclosed unit, brake is not enclosed so that brake 
dust can not work into motor portion of the unit 

motor is running, there is a 0.010 in. air gap betwe 
lining and the pressure plate 


Brake pressure 
plate 


one on rotor shaft cools field coils 


When 


en the 


Brake spring Mofor 


" POUSINAa 


‘ 
‘Thrust bearing 


' 


IN THIS CROSS-SECTIONAL DRAWING, the upper half shows the motor 


with the brake released ; the lower portion shows components when the brake 


iS applied. When power is turned on, the rotor in the brak« 


lied position 


unbalances the magnetic field, setting up a horizontal fore 





film of iron phosphate along wit) 
zinc Or manganese phosphate crystals 
Hard thin oxide films can be de- 
veloped by impinging superheated 
steam on the iron or steel. Wear re- 
sistant properties can be imparted by 
changing the proportions of elements 
in the outer layers. Typical examples: 
surfiding, nitriding, and carburizing. 
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The use of fused or vitreous films 
has been expantled by the develop 
ment of new coatings. So 
called porcelain enamels will stand 
temperatures up to 1,000 F; ceramic 
coatings take over above that 

Electroplated films, like tin, nickel 
and chromium are widely used to 
impart wear resistance to a host of 


ceramic 


products. The hardest of these prob 
ably is chromium at 900 to 1,050 
Brinell hardness. Applied as solid or 
in porous effects chromium coatings 
are also the most difficult to produce 

Under the 
laneous coatings fall synthetic 
tures like powdered graphite 
resin binder, mica powder, etc 
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mix- 
with 
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Fatigue [Testing—Its 


This is the second of a series of articles on the practical aspects of deter- 


T. R. BREUNICH 
Project Engineer 
Sonntag Scientific Corporation 


A GENERAL APPROACH to the prob- 
lems of fatigue testing, together with 
details on various types of single-pur- 
pose and universal fatigue testing ma- 
chines were covered in Part I of this 
article, see Product Engineering, Feb- 
ruary 1953, page 128. Other types of 
testing machines include a third class 


148 


of universal machine, semi-special ma- 
chines, and vibration generators. 

The third basic type of universal test- 
ing unit is the resonant machine, Fig. 1 
This operates on a constant force prin 
ciple, but with a nonadjustable eccen- 
tric mass. Power is supplied by an 
adjustable speed motor mens, Some 
to the specimen through a set of reso- 
nance springs. The components are 
selected so that the system is operating 
near resonance. 


The amplitude of vibration of the 
oscillator is large, Fig. 2. As the speed, 
F,, is increased the magnitude of 
F,/F,, approaches one and the ampli 
tude builds up. As F, is reduced the 
amplitude decreases. This is a typical 
spring-mass system operating near res- 
onance. The force in the springs, P,, 
caused by the large unital of vibra- 
tion, is much greater than the force, 
P,, generated by the eccentric mass. 
In practice these machines operate at 
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Machines and Methods 


mining fatigue strengths with various commercial] fatigue testing machines. 


amplification factors as high as 10 or 
12:1. At a figure of 10:1, an eccentric 
generated force of 2,000 Ib a 
20,000 Ib in the springs and on the 
reciprocating platen. This permits the 
use of smaller motors, eccentrics, and 
eccentric bearings than is possible in a 
brute force machine where the eccen- 
tric mass generates the full force. 

In Fig. 1, the oscillator mass and 
resonance springs are attached to the 
working platen. The fixed platen, an- 
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chored to the main frame, supports 
the preload springs. The stationary 
adjustable platen is preloaded by the 
hydraulic cylinder and has an adjust- 
able screw stop. The strain gage dyna- 
mometer senses the force applied to 
the specimen and sends a signal to a 
controller. This signal is compared to 
an adjustable reference. Any error 
changes the speed of the electronically 
controlled adjustable speed drive mo- 
tor until the signal and reference value 


cancel. This maintains a constant 
force cycle on the specimen. In this 
system, instead of compensating for 
the inertia forces, they are actually 
measured as part of the total force. 
While this type machine appears to 
be efficient and simple it has certain 
complicating characteristics. The vi- 
brating components make up a two- 
degree-of-freedom system which means 
that the specimen is part of the spring 
system and its characteristics affect the 


149 








Preload 
mechanism 


Flex plate 


vibrating grip 


Flex plate 
guides 

















Fig. 5 




















High temperature tester designed to simulate operating conditions of turbine blades. Left hand grip is mounted on ver- 


tical flexplates and transmits a static tensile load to the specimen. Right hand grip is actuated by a vertical vibrator and dynamic- 


ally loads the 


operating specd of the machine. Any 


pecimen will tend 
to cause nonlinearity in the machine 


cycle. 


nonlinearity in the s 


Test specimens such as 
s and multiple pin joints can 
ause nonlinear loads and hammering 

ause their constants vary 
with the load. This has the effect of 
rapidly shifting the operating point 
back and forth along the 


ur W 


1orce 


linkag 


spring 


resonance 
ultant instability 


These machines, while smaller than 


the brute force units of equal capacity, 
are also more complex because of the 


electronic controls necessary to regu- 
late the force output. 

In Fig. 3 is shown a close-up of the 
reciprocating platen of a resonance 
machine. Since the resonance springs 
loading cycle is so severe, they are ma- 
chined out of solid cylindrical forg 
ings and then heat-treated 


Semi-Special Machines 


The third class of machines are 
often special adaptations of universal 
machines, with some of their flexi- 
bility sacrificed to achieve special re- 
sults. Others in this class are units 
designed to handle one type of test 
which warrants a special machine be- 
cause of its long term requirements. 

Several types of fatigue testing ma- 
chines have been adapted for high 
temperature testing. A universal ma 
chine can be converted for high tem- 
perature work by the addition of a 
specimen furnace and mo‘e extensive 
electronic control equipment, Fig. 4. 
This particular machine is designed for 
tension and compression tests at high 
cyclic speeds and high temperatures. 
The stroke is limited because of the 
inertia forces at high speeds. 

The electric furnace, surrounding 
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the specimen, has tapped windings 
that can be shunted to balance the 
temperature along the gage length of 
the test piece. The control cabinet is 
separate and contains a temperature 
recorder-controller and a creep re- 
corder in addition to the standard uni- 
versal machine equipment. At high 
temperatures, creep life is often more 
important than fatigue life. The creep 
instrument is a standard ten:perature 
recorder integrated with the automatic 
preload control system to indicate ard 
record the creep of, the specimen 
against time. 

Another type of commercially avail- 
able high temperature test machine is 
shown in Fig. 5. This unit was de- 
signed to apply a fatigue bending 
load and a tension load to turbine 
blade specimens. The test blade is 


specimen in bending. Horizontal flexplates guide this grip. Preload is applied by rotating chain-connected handle. 


mounted between grips in a high tem- 
perature furnace. One set of grips is 
forced to vibrate and applies a bending 
to the specimen. The other 
grip is spring loaded to apply a static 
tensile force which simulates the cen- 
trifugal encountered in actual 
service. Both the tensile and bending 
loads are adjustable and can be com- 
bined in any ratio. The controls are 
on the lef: hand end of the machine. 

The rail bending fatigue tester, Fig 
6, is a special purpose machine used to 
repeatedly flex a rail section and simu- 
late track service conditions. The test 
section is mounted on a reciprocating 
carriage in such a manner that the 
single point of rail support moves 
back and forth under the center of 
force as applied by the rolling load 
This subjects the specimen to an alter 
nating bending moment at the point 
of support. The magnitude of this 
moment is determined by the load 
spring deflection. 

A special adaptation of a resonant 
type machine, Fig. vibrates reed 
type specimens at or near their natural 
frequency, applying bending stresses 
at a high cyclic rate. In this machine, 
jets of air impinge on each side of the 
specimen. By tuning the length of the 
air columns, a resonant condition is 
reached. Suitable electronic controls 
adjust the air and tubes to maintain a 
preset amplitude of vibration. 


moment 


force 
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Fig. 6—Special fatigue testing machine designed to subject rail specimens to approximations of track service conditions 


I oad is 


applied by deflecting the load spring a predetermined amount. A crank actuated carriige moves the specimen back and forth under 
the rolling load. Since the rail is only supported at one end and a single other point, it has to resist alternate bending moments. 
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Fig. 7—Reed type resonant tester. Air col- 
umns are tuned so that specime 1 vibrates 
at its natural frequency. This machine can 
only be used for limited sizes of reed 
shaped test pieces and will only apply a 
dynamic bending load. 
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Vibration Generators 


Vibration generators or oscillators 
are used to excite a structure to reso 
nance or, when combined with a plat 
form, to subject a structure to a 
controlled acceleration. Their force 
generators are similar to those found 
on fatigue machines, but instead of ex- 
erting a controlled force on the speci- 
men and so a controlled stress, these 
units move the specimen freely in space 
with a controlled frequency and am- 
plitude. The result is a shaking action 
or controlled acceleration that tests the 
strength of the various members and 
also brings out resonant points. When 
resonance is reached, the resultant high 
amplitude usually destroys the part. 

If the test is to determine the reso 
nant peaks of internal parts, little gen- 
erated power is necessary since sensi- 
tive instruments can detect these 
points. However, if the same structure 
is to be tested for the results of these 
resonances under forced vibration, 
large capacities are needed 

In this case the structural members 
absorb large amounts of energy at res 
onance. If sufficient power is not avail- 
able, the maximum amplitudes will 
not be reached and true test results 
will not be obtained. Actually under 
these conditions the specimen may 
drive the oscillator and reduce the 
stresses to low values. Tests have been 


and as 


idk ntical 
semblies using large and small oscil 
lators to verify this affect. On low 
powered equipment the test 
withstood the applied acceleration, but 
when subjected to identical tests on 
high powered oscillators they 
grated. This shows that 
nant conditions inadequate power can 
not maintain set 
specimen is not actually subjected to 
the desired accelerations 

Another factor in the selection of a 
vibration generator is the weight of 
the specimen. Most of these machines 
are either rated in force vector pounds 
available or in the number of pounds 
capacity. These terms can be mislead 
ing. The force required is not only 
the specimen weight times the accelera 
tion in g's, but also has to include the 
weight of the holding fixture and pos 
sibly instrumentation. If a test is to 
be run at 20 g's, every pound of fix 
ture and specimen actually corresponds 
to 20 pounds. As an example, assum« 
a 20 (b instrument is to be tested at 
15 g's. If the holding fixture weighs 
5 Ib, the total weight is 25 pounds 
At an acceleration of 15 g's a total 
force of 15 times 25 or 375 lb is re 
quired. A 500 Ib would 
probably be selected 

In addition, a machine rated 100 Ib 


run on instru! nts 


pieces 


disinte 


und r reso 


conditions and th 


machine 
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Table I—Commercial Vibration Tables 





Manufacturer 


Waugh Equipment Co...... 
New York, N. Y. 


Summit, N. J. 


(Western Electric Patents) 
Hartford, Conn. 


All American Tool & Manufacturing Co. 
Chicago, Il. 


M. B. Corp.. . 
New Haven, Conn. 


Sonntag Scientific Corp 
Greenwich, Conn. 


Government Specifications 





Table 
Size, 
inches 


Model 
Number 


VMJ-2-HB 
VMJ-4-VB 
VMJ-3-CC 
VMJ-3-CD 


18 x 18'% 150 
18 x 24 100 
24 x 24 35 

100 


VU-DM-100 


Maximum 


Specimen 
Weight, pounds 


100 vertical 


Speed 
Range, 
rpm 


Plane 
of Vibration 


600-3 ,600 
600-3 ,600 
300-3 ,600 
300-3 ,600 


Horizontal 
Vertical 
Circular 
Circular 


3 planes 600-3 ,600 


50 horizontal 


VU-DM-500 


500 vertical 


3 planes 600-3 ,600 


250 horizontal 


RV3 100 


200 Ib force 


output 


SV-25 25 
SV-100 
SV-200 
SV-500 


SV-1000 


2 horizontal planes 3,600 


2 horizontal and 
2 vertical planes, 
circular 


Vertical 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Horizontal 
Vertical 
Vertical 


Vertical 


Horizontal 
Horizontal 
Horizontal 
Horizontal 


Horizontal 


Circular 45 deg 
Vertical or 
horizontal 





at 10 g’s cannot be assumed to give 
100 g's with a 10 lb load. Most ma- 
chines are rated at maximum g’s at full 
stroke, so that a reduction in specimen 
weight will not increase the available 
acceleration. There are a few ma- 
chines however, that are rated at a 
lower acceleration for large specimens 
and a higher acceleration os light 
specimens. Each machine's specifica- 
tions should be carefully pel ts 
Commercial oscillators, Table I, are 
divided into three groups: the crank 
or brute force type, the free eccentric 
or reaction type, and the electric type. 
The crank type is similar to the con- 
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stant amplitude fatigue machine, using 
an adjustable crank and connecting rod 
to move a platen or table back and 
forth. It has no fixed platen, and the 
oscillating table is large, with a grid 
of tapped holes for fastening the speci- 
men. Any amplitude and frequency 
can be obtained since the stroke and 
speed are both adjustable. The drive 
motor can be made to cycle automatic- 
ally between set limits to meet vibra- 
tion testing specifications. 

These machines are made to test 
specimens in several planes. Some only 
vibrate in one plane, others in two 
planes, and one type vibrates in three 


planes with individual stroke adjust- 
ments in each plane. Some models also 
have provision for generating rotary 
motion, and one type moves in a plane 
45 deg to the horizontal. 

Speeds range from 10 to 60 cps, and 
machines are available that will handle 
specimens up to 500 Ib at 10 g's. Maxi- 
mum stroke is 1 in. fer light specimens 
with an acceleration ‘mit of 15 g’s. 
The base absorbs all of the bearing 
reaction forces and must be mounted 
on a substantial foundation. 

The free eccentric type oscillator 
uses unbalanced weights to generate 
the vibration force. The weights are 
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Maximuin 
Automatic Acceleration, 
Cycling g's 


Double 
Amplitude, inches Mounting Remarks 
| Cam type 
| Cam type 

Cam type 


Cam type 


Yes 12 
Yes 12 
Extra | 

Extra 


Concrete base 
| Concrete base 
| Concrete base 
| Concrete base 


0-0 .500 
Adjustab'le while 
running 
0-0.25 
Adjustable while 
running 
0-0.125 


Yes | 10 ton 


| base required 


Cam type, load center of gravity 3 in. above table 


Yes | 50 ton 


| base required 


Cam type 


| Seismic 
(no foundation needed 


Reaction type, above resonance operation 


Cam type 


Base required 
Base required 
Base required 
Base required 
Base required 
Base required 
Base required 
Base required 


Cam type 
Cam type 
Cam type 
Cam type 
Cam type 
Cam type 
Cam type 
Cam type 


oococoooco oO 
646444666 


S 
~ 


Base required Electric magnetic 


See Capacity 


| 
| Scismic Reaction type, above resonance operation. 
(no foundation required load c.g. above table—6 in. 
| Seismic | Reaction type, above resonance operation. 
| (no foundation required load c.g. above table—9 in. 
Seismic | Reaction type, above resonance operation. 
(no foundation required load c.g. above table—12 in. 
Seismic Reaction type, above resonance operation. 


0.018 
0.002-0 .020 


(no foundation required) 
Seismic 
(no foundation required 


load c.g. above table 
Reaction type, above resonance operation. 
load c.g. above table 


15 in. 


24 in. 





usually mounted on two shafts that 
rotate in Opposite directions, and are 
phased so that they cancel each other 
in one plane and are additive in the 
other plane. This produces a sinu- 
soidal force along one axis. 

A small oscillator of this type, Fig. 
8, generates a maximum force of 1,600 
pounds. It has three eccentric masses 
per shaft, with the two shafts geared 
together. The two end eccentric 
masses on each shaft are in phase with 
each other, while the center mass can 
be rotated with respect to the end 
weights. The center weight is equal to 
the combined weight of the two end 
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weights, so that when they are 180 
deg out-of-phase the eccentric forces 
cancel. When they are in-phase the 
forces are additive and maximum force 
output is obtained. Since the two 
shafts are geared together, changing 
the phase setting of one shaft auto- 
matically changes the other. This sys- 
tem limits the force to one axis and 
permits it to be changed while running. 

These units are used to test for res- 
onant conditions in structures such as 
airplanes or ships, and are bolted di- 
rectly to the equipment under test. 
Speeds range from 5 to 120 cpm. Lead 
eccentric weights can be added to in- 


crease their force capacity at low 
speeds. By replacing the timing gears 
with a chain drive, rotary instead of 
linear forces can be obtained 

When specimens rather than struc- 
tures are to be tested, these oscillators 
are built into tables on which the test 
pieces can be mounted. The teble is 
supported on fexplates, and the spring 
and mass constants are selected so that 
the machine oper.tes above resonance. 
Above resonance, the amplitude of vi- 
bration is equal to the eccentric mass 
times its unbalance divided by the 
mass of the vibrating system, and is 


not affected by frequency. This gives 
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Fig. 8-—A 1,600 lb package type oscillator. 
Unit is bolted directly to the structure to 
be tested and only develops a vibrating 
force along one axis. The eccentrics are 
adjustable so that this force can be varied 
over a specified range during the test. 


Fig. 9 vibration generator. The 
table is mounted on flexplates and vibrat- 


ed by rotating eccentric masses. This par 


Large 


ticular machine has two eccentrics driven 
by a 30 hp motor. The maximum speci 
men weight is 1,000 lb, with a maximum 
to the center of gravity 
from 10 to 60 cps 


height of 24 in. 
Frequency ranges 


Fig. 10—Schematic arrangement of elec 
tromagnetic vibration exciter. Unit is simi- 
lar to solenoid in which the armature is 
guided by flexplates. The rate and ampli- 
tude of vibration depend on the frequency 
and magnitude of the exciting voltage. 
The specimen to be tested is mounted di- 


rectly on the vibrating armature. 
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a constant amplitude test over a wide 
range of frequencies with a given ec- 
centric setting. 

Oscillator tables range in size from 
small 100 lb capacity units to machines 
that are capable of vibrating 1,000 Ib 
specimens with an acceleration of 24 
g's at 60 cps. The latter machine is 
shown in Fig. 9. The oscillator gener- 
ates 10,000 lb of force at 60 cps. This 
will drive a 1,000 Ib specimen with a 
center of gravity 2 ft above the table 
up to 24 g's on a continuous basis. It 
is not affected by specimen resonances 
because 75 percent of the machine load 
is in the vibrating members. 

Some tables have eccentrics that are 
adjustable during a test. These can be 
controlled to give constant amplitude 
over the operating speed range; or by 
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adjusting the eccentricity, can maintain 
a constant acceleration. This type are 
called reaction tables since their oscil- 
lators cause no external reaction. A 
vibration absorbing foundation is not 
required. 

Electric oscillators, Fig. 10, are simi- 
lar to solenoids in which the core is 
suspended on flexplates in a magnetic 
field. The strength and polarity of the 
field vary with the sine wave exciting 
voltage, and the core moves with a 
frequency and amplitude dependent on 
this voltage. 

To vary the frequency of vibration, 
a variable frequency exciting voltage is 
necessary. This is obtained from a 
rotary power pack, consisting of al- 
ternators driven by variable speed d-c 
motors. The exciting frequency varies 


Mounting holes 


focentricity 
adjustment 


directly with the d-c drive speed. 

These units have force capacities up 
to 2,500 lb and can vibrate at frequen- 
cies up to 500 cps. Table travel is 
limited to } in. The acceleration which 
can be obtained depends on the travel 
and on load weight. Auxiliary coils 
on the armature give a velocity signal, 
and suitable integrating circuits give 
displacement readings. Test assemblies 
om structures are excited by directly 
mounting them on the armature. 

Each type of commercial fatigue 
testing machines has its own operating 
characteristics. No machine will do 
everything and every individual unit 
will give its best results over a limited 
design range. A machine should be 
selected so that its operating principles 
fit in with a planned program. 
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Factors of Safety 


In Tolerance Specifications 


Many gaps still exist in the practice of the principles for interchangeable man- 


ufacturing. One of these is an accurate evaluation for factors of safety neces- 


sary in the specification of tolerances as based on statistical quality control. 


NELSON G. MEAGLEY 


Willys-Overland Motors, Incorporated 


TO CORRECTLY EVALUATE tolerance 
limits, the engineer has to consider 
two important factors. First, the re- 
quirements of a design should be de- 
termined so that cumulative variations 
in part size do not result in defective 
assemblies. In this manner, permissible 
maximum tolerances are established. 
The second factor concerns the capa- 
bilities of fabrication processes for 
achieving desired tolerances. Consecu- 
tive pieces vary slightly in a given 
dimension and, in a run of hundreds 
of pieces, the range of differences in 
size increases appreciably. Thus, it is 
the process capability of production 
tools that determines the permissible 
minimum tolerance 

But the very fact that a 
Variation in size can be 


minimum 
held does not 
necessarily mean that the process will 
or should be expected to do so under 
all conditions. Changes occur in the 
machine tools and in their operation 
bushings wear, cutting edges become 
dull, operator skills vary or a process 
setting may not always be at the exact 
center of the specification. And once 
fabrication is complete, there should 
be provision for inspection errors that 
might occur in estimating the quality 
of work by sampling. A_ tolerance 
should include an allowance for all 
these conditions, in addition to com- 
pensating for dimensional variations 
inherent to tools or processes 

The tolerance specified should, 
therefore, be set below the upper limit 
determined by the requirement of the 
design, here called upper tolerance 
limit; and above the lower limit as 
dictated by the capability of the proc- 
ess, here called lower tolerance limit. 
Between the process capability and the 
specified tolerance is a spread in which 
manufacturing and inspection opera- 
tions must be controlled. To do this 
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economically, the tolerance specified 
should be as close as possible to the 
upper tolerance limit, so as to give the 
widest possible manufacturing spread. 

It is in this gap between the upper 
tolerance limit and the specified toler- 
ance that designers retain a part of the 
permissible tolerance as a factor of 
safety. The use of these factors in 
tolerances is somewhat different from 
their use in strength of materials. Pre- 
cise working rules based upon condi 


tions such as fatigue, impact loading 
and deterioration in service have been 
designated for safety factors in the 
strength of a part. Though designers 
generally agree that safety factors are 
important in specifying tolerances, 
there is no accepted procedure for their 
precise application. But, with the 
emergence of statistical techniques for 
exercising dimensional control, it is 
possible to express this tolerance re 
quirement clearly and with precision 


Classification of Quality Characteristics 


A basic consideration when dealing 
with the factor of safety in tolerance 
is the classification of quality charac- 
teristics. Quality cannot be controlled 
unless the characteristics of dimensions 
are clearly understood by engineering, 
production and inspection. Once these 
are defined, the general classification 
of characteristics breaks down into 
three groups: critical, major and minor. 

The group includes those 
which by themselves could cause the 
failure of an assembly or danger to 
those using it. An example would be 
the welding of a combustion engine 
valve head to its stem. The occurrence 
of just one defective weld in a large 
sample is sufficient grounds for the 
rejection of an entire lot, because a 
broken valve could cause complete en 
gine failure. Processing controls to 
prevent the manufacture of valves 
with unsound welds are about the only 


critical 


answer to 
acteristic 

Major characteristics are the func- 
tional dimensions of a part, other than 
critical. The risk of a 
sembly is small when an 
piece slightly exceeds the specification 
tolerances. Because the assembly can 
tolerate these slightly out-of-tolerance 
pieces, it is possible to rely upon in 
spection sampling for quality assur 
ance. In such instances, it is advisable 
to include in the tolerance a factor of 
safety that is expressed in terms of an 
acceptable quality level 

Minor quality characteristics refer to 
all other dimensions and relate to thos« 
defects that do not materially reduce 
the value or utility of a part or as- 
sembly. In many such instances, factor 
of safety considerations on these qual 
ity characteristics can be disregarded 
in favor of expediency in inspection 


this type of quality char 


defective as 
occasional 


The Inspection Operation 


There being a possibility that the 
inspection department will pass work 
slightly exceeding the specified toler- 
ance, a factor of safety is used to pro- 
tect the design against this eventuality. 
It is therefore necessary to understand 
the inspection problem before the 


proper safety factor can be specified 
The inspection function is limited 
by its inability to give quality assur 
ance except at a permissible percentage 
of out-of-tolerance pieces and at a 
calculated risk of being in error. The 
permissible value of this percentage, 





as used by the designer, is not gen- 
erally specified. 

Modern statistical inspection meth- 
ods provide inspection plans where the 
factor of safety is expressed as an ac- 
ceptable quality level (A.Q.L.) and a 
calculated risk of accepting bad mate- 
rial or rejecting good. Every plan can 
be expressed in terms of an operating 
characteristic curve, three of which are 
illustrated in Fig. 1. Curve M shows 
the risk of accepting or rejecting lots 
when a 225-piece sample is examined. 
A rejection is made when twelve out- 
of-tolerance pieces are found, and an 
acceptance made if eleven or less de- 
fective pieces occur. Lots that are two 
percent defective will pass this plan 
99 percent of the time, while lots that 
are five percent defective will be ac- 
cepted only 55 percent of the time. 
Curve N illustrates the risk when parts 
are accepted on 14 and rejected on 15 
in a sample of 300 pieces; curve L is 
the risk of a plan for a sample of 150 
pieces with acceptance on eight and 
rejection on nine. 

The three curves just described are 
known as 2.5 percent A.Q.L. curves. 
If a given lot is better than 2.5 percent 
defective, the plan will reject progres- 
sively, fewer shipments. 

It should also be noted that these 
plans permit the acceptance of higher 
percentages. 
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Table I—Limits of Process Average 





UPPER LIMITS 


Acceptable Quality Level, percent 





0.40) 0.65| 10 | 15 | 2 





1.061 | 1.492 
1.000 | 1.415 
0.948 | 1.348 


2.04 
1.95 
1.87 





0.907 | 1.296 
0.874 | 1.255 
0.847 | 1.220 


1.80 
1.75 
1.71 
1.66 
1.50 
1.54 


1.46 
0.962 | 1.39 
0.920} 1.34 
0.892} 1.30 
0.866 1.27 
0.844 | 1.24 


17 | 1.181 
79 | 1.134 
39 | 1.083 


1.021 








0.254 | 0.384 | 
0.243 | 0.371 | 
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Acceptable Quality Level and Worst Pieces 


The concept of a factor of safety in 
tolerance expressed as an acceptable 
quality level is not complete without 
an understanding of the relationship 
between the A.Q.L. and worst pieces 
to be expected in the lot. 

Size variations from industrial proc- 


esses generally conform to normal dis- 
tributions. The plot in Fig. 2 shows 
the frequency with which different 
sizes larger or smaller than the average 
occur. This pattern is clearly evident 
in Fig. 2 (A), which is the frequency 
distribution for dimensional variation 
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for Acceptable Quality Levels from 0.15 to 10.0 


Number of Sample 
Units Included 
in Estimated 
Process Average 


0.15 
ee 
900-1,099 . . 
1,100-1,299 


1500-1099. ...... 
1,500-1,699. .. - 
kT rere | 


1,900-2,249. ... 
2,250-2,749. .. 
2,750-3,499 


3,500-4,999......... | 
000-6.999 
7/000-8,999. 


9,000-10,999. . ’ 
11,000-13,499..... 
13,500-17,499........ 


| 0.25 


ooo 
amy 
NAS 


0.020 | 


0.034 
0.046 
0.057 


ooo| ooo 
— 
or 
Sas 


observed when measuring a sample of 
50 pistons for the distance between 
the piston pin and the top face. One 
piece, or two percent, is outside of 
the tolerance. It will be noted, how- 
ever, that the relationship between the 
two percent and the extent of the worst 
condition is 0.0005 in a tolerance of 
0.0040. A sample of 1,000 pistons 
would show an increasing spread in 
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Small Samples 


And Low A.Q.L. | 


LOWER LIMITS 


0.65 | 


No Reduced Inspection For 


REe 
g 


avo 


the worst pieces, but the relationship 
would still hold. 

A similar frequency distribution 
taken on the diameter of a ground pin 
for a steering knuckle is shown in Fig. 
2 (B). Eight percent of the 50 sam- 
ples, is outside the specification and the 
worst condition is 0.002 in a 0.007 
tolerance, all on one side of the speci- 
fication. In a third instance, Fig. 


Acceptable Quality Level, percent 


~~ > 


Mun | “ee 
nuIw »c 
> 


auIuv 
on? i ie 
ON Ww 


2 (C) shows a frequency distribution 
for measurements on the thickness of 
50 connecting rods. 24 percent of the 
samples are outside the specification 
range of 0.002 and the worst pieces 
are 0.001 high and 0.001 low. Here 
again is a relationship between the 
quality level or the percentage of out- 
of-tolerance work, and the extent of 
worst prices. (continued next page) 
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Table 11I—Master Table For Normal and Tightened Inspection (Double Sampling) 


Acceptance Quality Levels For Tightened Inspection 


Use Column III In Table I] For Code Letter 


Sample Cumu- 0 15 Be 2.5 4 0 


Size Sample lative 
Code mp Size Sample 
Letter Size 





0.40 | 065 | 1.0 


Acceptance Quality Levels For Normal Inspection 
Use Column II In Table IIT For Code Letter 


0.25 0.40 


Ac Re Ac Re Ac 























Relationship Between Quality Levels of 
Parts and Assemblies of Such Parts 


The quality level of assemblies is 
better than the quality level of the 
parts from which they are made. 
Suppose for example, there are two 
parts, a shaft and a hole, and that 
they are to be assembled in large num- 
bers. Suppose further, that the hole 
sizes are evenly distributed about the 
center of the tolerances and that the 
full spread of the tolerance is being 
used. The resulting condition will be 
somewhat similar te Fig. 3, wheigein 
the percentage of pieces at various seg- 
ments of the specification can be esti 
mated. For example, if the specifica- 
tion range or process spread for the 
hole is 0.0012, 2.5 percent might be 
expected, all on the small side. The 
tolerance of the shaft is 0.001, so that 
the relationship between percentage 
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of out-of-tolerance pieces and extent 
of out-of-tolerance in the worst pieces 
is estimated as 2.5 percent defectives 
and 0.0002 oversize on worst pieces 
The effect of the out-of-toleranc« 
condition will be to reduce the oil 
clearance allowance below the speci 
fied minimum in some of the assem 
blies. This will occur when one of 
the large shafts happens to be assem 
bled with one of the holes in the bot 
tom 0.0002 of the specification. It 
has already been shown that 2.5 per- 
cent of the holes are in the range. 
The probability, therefore, that the 
use of these large shafts will result 
in assemblies with below-specification 
oil clearance is 0.025 0.025 or 
0.0006. There will still be 0.0003 oil 
clearance in the worst condition. 


0 65 10 


| 16-25 
| 26-40 


| 66-110 


| 501-800 


| 8,001-22,000 


15 2.5 


Re 


Table II—Code Letters 
Sample Inspection Levels 
Lot Size 


I* Ii* I11* 


2 


-15 


41-65 


111-180 
181-300 
301-500 


801-1,300 
1,301-3,200 
3,201-8,000 


22,001-110,000. . 
110,001—550,000 
550,001 and over 











*I—reduced; I[1—normal; I11—tightened. 
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Relationship Betwe 


en Factor Of Safety 


And Nature Of Process 


The shaft just 
assembled when its diameter exceeds 
that of the hole. Similarly, if the shaft 
is far undersized, it may not hold oil 
pressure when in operation. These in- 
herent elements of self inspection are 
typical of many production processes 
For example, if a forge shop were to 
ship a lot of steering knuckles having 
a quality level of 0.5 percent cracks, 
a serious condition would exist. The 
chances of using a cracked part are 
greatly reduced, because 
dozens of people handle these forgings 
in subsequent machining and assembly 


however, 


Quality Assurance At 
Suppose that an A.Q.L. of 2.5 
percent has been set and it is desired 
to determine if the average 
is similar, significantly higher or sig 
nificantly than this level. A 
large number of pieces, at least 1,000, 
would be inspected, allowing 
nothing “ies the num 
ber failing to conform fully to the 
specification would be counted. If 
more than four percent or 40 defects 
were found (Table I, upper limits), 
inspection would be tightened so 

to reduce th 
lots. Table I (lower limits) shows that 
less than one percent or ten defectives 
indicate a process significantly better 
than the A.Q.L.; thus making it safe 
to cut inspection to a reduced level. 
From 10 to 40 defects in the 1,000- 


proce SS 
low er 


and, 


the gages, 


risk of passing defective 


discussed canno »€ 
1 1 t | 


operations. The net result is that the 
shipment passes through many 100- 
percent inspections after it leaves the 
forge shop. 

If a parts supplier has consistently 
maintained quality much better than 
the specified A.Q.L., it is reasonable 
to expect the next shipment from 
this source to be satisfactory. In such 
cases, a higher risk value can be uti- 
lized. On the other hand, if previous 
shipments have had a quality level 
above the A.Q.L., it will be necessary 
to tighten the inspection and reduce 
the risk value. 


Stated Factor of Safety 


piece sample would indicate that nor 
mal inspection should be used. Of 
course, different operating character 
istic curves would apply in each case 

The sample plan for the inspection 
of a lot should take account of previ 
ous experience with the process aver- 
age as well as the number of pieces in 
the lot. When inspecting a shipment 
of 100 pieces, it might be permissible 
to take a large risk, whereas, if a 
100,000 piece lot is concerned, the 
risk should be lower. One procedure 
for making these adjustments between 
lot size, process average and sample 
size is illustrated in Table II. Tables 
III and IV are master charts for 
normal and tightened inspection, and 
reduced inspection, respectively. 

To illustrate the use of these inspec- 


tion plans, suppose that A.Q.L. of 2.5 
percent has been set and study of a 
1,000-piece from the proc- 
process average 


sample 
ess has the 
to be 3.1 percent or 31 pieces out of 
tolerance. This is within the expected 
variation from 2.5 percent this 
sample and would therefore call for 
normal inspection of the material ; i.c., 
level II 

If a lot of say 
inspected, plan M would then be ap 
plied Referring to Table III for cod 
letter M, the first sample size would 
be 150. Following across in Table 
III for a normal inspection A.Q.L. of 
2.5 percent, acceptance (AC) would 
be at seven, and rejection (RE) for 
100 percent inspection -at nineteen 
The occurrence of more than seven or 
less than nineteen defectives requires a 
second sample which is specified in 
Table III as 300 additional pieces. In 
the cumulative sample of 450 pieces, 
acceptance can be with eighteen or less 
defectives, while rejection can be with 
nineteen or mort 


shown 


for 


5.000 pier sis to he 


If more than four percent defectives 
were observed in the 1,000-piece study, 
the expected variation from 2.5 per 
cent would been exceeded and 
tightened inspection be in order. This 
would be system N (Table III) and 
require first and second cumulative 
samples of 200 and 600, with accept 
ance at a maximum of nin¢ 
on the first sample or 
a cumulative total of 
inspection would bx 


have 


defectives 
24 defectives or 
Reduced 
adequate if the 
process study revealed onc percent or 

out-of-tolerance pieces This 
would indicate system L, Table IV, a 
sample of 30 pieces and acceptance at 
four or less defectives 


Ct) 


le SS 


Table 1V—Master Table For Reduced Inspection (Single Sampling Only) 
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Tests for 


Laboratory test data that are significant in estimating the ability of 
ball and roller bearing greases to perform satisfactorily in par- 
ticular services. Brief survey of testing procedures and their value 
in measuring mechanical stability, chemical stability, lubricity, and 


life properties of greases. Grease oxidation in oscillating bearings. 


H. A. McCONVILLE 


Works Laboratory, General Electric Company 


AS A RESULT of the widespread and 
numerous applicatiors of ball and rol- 
ler bearings throughout industry, test 
methods for evaluating the properties 
of ball and roller bearing greases are 
increasing in importance. Unfortu- 
nately, since there is not much agree- 
ment as to the relative value of the 
few existing standard tests, each lubri- 


160 


cation engineer has his own way of 
evaluating the propertics a greasc 
should possess to assure a satisfactory 
performance of his machines. 

The following discussion, therefore, 
is based only on the author's interpre- 
tation of the data obtained in the lab- 
oratory from the bench methods for 
evaluating greases. 

When examining a sample of new 
grease, its consistency in both worked 
and unworked conditions should be 
measured first. In such a test, a stand- 


Fig. 1 


ardized cone is allowed to drop in the 
grease at 2 definite temperature. The 
depth to which the cone penetrates is 
a measure of the consistency. 

The unworked consistency _ test 
should be determined on the grease 
before it is removed from its shipping 
container, since work is done on it if 
transferred from one container to an- 
other. Grease is seldom received from 
the manufacturer, however, in a con 
‘ainer that has been filled with grease 
in a semi-fluid state and then allowed 
to cool before shipment. The test, 
therefore, of necessity is made on 
grease in the “as received” condition, 
which may or may not have been soft- 
ened by milling. Samples of ball and 
roller bearing greases in the “as re- 
ceived” condition vary from a hard 
penetration of about 130 to that of 
350 on the soft side. 

Grease for ball and roller bearing 
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Roller Bearing Greases 


lubrication should be soft enough to 
be applied readily to the motor or 
machine with the filling equipment 
available. Many large plants employ 
power guns, but many small plants 
have only hand operated type guns. 
If too much energy is required of the 
man to force grease through a hand 
gun, the machine or motor may be lu- 
bricated only infrequently. The stiff- 
est consistency for grease that will feed 
reasonably well through a hand gun is 
about 260 penetration. 

It has been observed that some 
greases softer than about 320 will leak 
out of bearings. In these instances, the 
viscosity of the oil used in compound- 
ing the grease was not more than 300 
seconds Saybolt at 100 F. A safe 
working range, therefore, is about 260 
to 320. Greases stiffer than 260 have 
been used in industry with good suc 
cess, but the author does not favor 
March, 
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them. A range of about 260 to 290, 
or within the NLGI range of a No. 2 
grease, is preferred. 

Thinning of the grease in a bearing, 
of course, can also result when pres- 
sure is built up in the bearing by over- 
filling it and then failing to relieve the 
pressure by whatever drain is provided 
until running temperature is reached 

To be soft enough to prevent exces- 
sive wear between the rollers and the 
retainer, experience dictates that rol- 
ler bearings need a grease of about 280 
to 310 worked consistency. 

'n testing for consistency, the differ- 
ence in unworked and worked pene- 
tration should be noted. If this differ- 
ence is slight, the grease generally 
will remain mechanically stable in use. 

In conjunction with other laboratory 
tests, the mechanical grease worker is 
a useful tool for measuring the mx 
chanical stability of a grease. 


A grease that has an unworked pene- 
tration of about 220 to 230 and softens 
on W orking 60 strokes to about 280 to 
290 is likely to thin down much more 
under continued working in a bearing 
and eventually may leak out. If after 
60 strokes with the worker, the pene- 
tration is more than 20 points softer 
than that of the unworked condition, 
it is good practice to check the grease 
thoroughly to make sure that it will 
not thin down too much in service and 
churn continuously in the bearing or 
leak past the seals on the shaft of the 
machine or motor 

Occasionally a becomes 
harder on working and this type may 


g£reasc 
stiffen and channel in bearings to such 
a degree that sufficient lubrication is 


not provided and the bearing fails. 


DropPING Point Test. The drop 


ung point of grease is the tempera 
sn : 
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ture at which it changes from a semi- 
solid to a liquid state. This test is one 
means of identifying the kind of soap 
or thickener used in making the grease. 
It is also a quick way of distinguishing 
between a petrolatum and a true 
grease, which usually contains some 
kind of soap. 

Most petrolatums have dropping 
points of 105 to 115 F, and up to 
140 F for a few special varieties 

Any soap thickened grease will have 
a dropping point greater than 160 F 
Ordinary calcium soap grease ranges 
from 175 to 210 F. Aluminum soap 
greases average about 200 F. Lithium 
soap greases range from 350 to 390 F. 
on Amr he soap greases range 
from about 250 to 350 F. Straight 
sodium base greases may run from 250 
to over 550 F. Silicone greases range 
from 400 to 550 F 

These data do not mean that a 
grease will give satisfactory lubrica- 
tion at temperatures approaching its 
dropping point. A calcium or alumi- 
num soap grease is only good for about 
150 F continuous and 175 F intermit- 
tent operation. The ordinary sodium 
or sodium-calcium base grease is good 
for 175 F continuous and 200 F inter- 
mittent operation in a motor. High 
temperature greases made with special 
soaps may be good for as high as 230 
F. Silicone greases may operate quite 
satisfactorily at 350 F and for short 
periods at higher temperatures. The 
dropping point, therefore, is not a 
measure of the limiting temperature 
it which a grease may be used on the 
high side. But when used in conjunc 
tion with other tests, the dropping 
point gives useful information. 

Qualitative determination of th 
soap base in a grease is easily accom 
plished by holding a platinum wire 
coated with the grease in a flame. A 
sodium base is readily detected by its 
strong yellow flame. Calcium alone is 
found only by burning off the greas¢ 
on the wire, dipping it in hydrochloric 
acid to form a volatile chloride, and 
heating the wire again in the flam¢ 
when a brick red color is obtained. 

Lithium if present and uncontami 
nated by other soaps will give a car 
mine red flame that is easily detected 
If sodium is also present, the yellow 
flame may mask the red of the lithium 
In this event, a special filter glass is 
used to exclude the sodium rays. The 
glass recommended is No. 5120 Di- 
dymium filter glass. If only lithium 
(or lithium and sodium) is present 
the flame will appear brilliant red 
when viewed through this filter and 
that color will persist for a long time 

Strontium soap will color the flame 
orange red. Barium soap imparts a 
ycllowish green color, which remains 
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for a long time; its color is masked if 
sodium is also present, but will remain 
after the sodium has been burned off. 
Copper soaps will also color the flame 
green. Aluminum soaps do not im 
part any color to the flames. 

With the flame test, it is possible to 
determine quite easily what the soap 
base in a grease is. Based on a knowl 
edge of the characteristics and limi- 
tations of each type, in conjunction 
with other tests, the engineer can 
readily pick the proper grease to do a 
given job. 

For example, a sodium or sodium 
calcium base grease is well suited for 
ball bearings but it is soluble in water. 
It should not be used, therefore, in ap- 
plications where water can enter the 
bearings and wash out the grease. 
With small amounts of moisture, how- 
ever, the sodium soap forms an emul- 
sion with water and may protect bear- 
ing surfaces from corrosion better than 
a water resistant grease. A sodium 
hase grease withstands higher operat- 
ing temperatures than a calcium base 
grease, but at temperatures below 

20 F is generally not suitable. 

Calcium base greases are inexpensive 
and are satisfactory for general ap- 
plications where the lubrication re 
quired is not too exacting. 

Aluminum soap have no 
advantage as a ball bearing greasc 

Lithium soap greases are increasing 
in popularity, not only for low tem 
perature applications but also as all 
purpose greases. They are insoluble in 
water and withstand reasonably high 
temperatures 


greases 


Appearance of a grease is sometimes 
n aid to its identification. If the 
clear and transparent, not 
Opaque as most greases are, it is prob 
ably an aluminum soap grease or else 
one thickened with some of the newer 
non-soap additives. If sticky and 
stringy, it is either an aluminum soap 
grease or possibly a sodium soap greas¢ 
made with an oil of high viscosity 
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CHEMICAL STABILITY Tests. As a 
rule, chemical analysis of grease fur- 
nishes little information of value to 
the engineer that can be translated 
into terms of useful life. The amount 
of free acid or alkali present, however, 
does give an indication of the possible 
chemical stability of the grease. In 
general, it is desirable that the grease 
be on the alkaline side for added sta- 
bility, but there are greases on the acid 
side that are very stable. 

Spurred on by military requirements 
for highly stable greases, the property 
of chemical stability, or resistance to 
oxidation, is becoming increasingly 
important. Today most high grade 


greases contain anti-oxidants, which 


have increased stability many times. 
The accepted method of measuring 
the chemical stability of greases is the 
Norma-Hofftman bomb test. 

At a temperature of 210 F greases 
may be badly oxidized in 50 hours or 
may still be stable after 500 hours. In 
the harder consistencies, these latter 
highly stable greases are in demand for 
sealed or double shielded bearings 

While the bomb test agre< 
reasonably well with results in service, 
it is a static test. Since most greases 
are in motion while they are being 
churned and oxidized in a bearing, 
there is a trend toward the develop- 
ment of a dynamic oxidation test. 


does 


HIGH AND Low TEMPERATURE AP- 
PLICATIONS. Soap content, water, fat, 
glycerine, and fillers are of value only 
to grease manufacturers in controlling 
the quality of their products. The 
viscosity of the oil used in making the 
grease may determine the temperature 
range within which it will operate 
satisfactorily. Some of the better 
greases for high temperature applica- 
tions are made using oils having a 
viscosity of over 500 seconds Saybolt 
at 100 F. If the viscosity is over 1000 
seconds Saybolt at 100 F the grease is 
not likely to give satisfactory lubrica- 
tion at ambient temperature of —10 F 
and lower. 

The problem of 
suitability or a 
perature applications can be ay 


proached quite simply by packing the 
grease in open Conrad type bearings 
and placing them on watch glasses in 
a warm oven. In this test the tem 
perature of the oven is raised in steps 
of 10 deg C. After the beari 
soaked at a step for 24 hours, they arc 
removed from the and 
down. Any free oil, hardening, dry 
ing out, or oxidation of the grease ts 
noted, and the bearings are tested for 
freedom of motion 

If the grease seems unchanged, the 
bearings are replaced in the oven and 
the temperature stepped up. If after a 
step a significant change in the greas¢ 
is noted, the bearings are replaced in 
the oven and soaked at that step tem- 
perature for a weck to produce the 
worst possible change. This test docs 
not duplicate what the grease would 
do if agitated in a bearing at a given 
temperature, but rough 
guide as to what might be expected. 

No universally standard procedure 
is available at the present time for 
measuring the torque required to spin 
a bearing at sub-zero temperatures. Its 
measurement is being studied inten- 
sively but correlation of results is diff- 
cult. Satisfactory low temperature 
greases can be selected, but no accurate 


determining the 
for high tem 


rr 
greas¢ 


nes have 


oven cooled 


serves aS a 
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measure made of how 


is to another for sub-zero operations 


supe rior one 


GREASE Lusriciry. The Bearing En- 
gineers Committee grease testing ma- 
chine, developed some years ago, is 
used infrequently today at least in its 
original form. This machine, however, 
is a valuable laboratory tool. 

At the beginning of a test, a No 
204 bearing single shield with shielded 
side down is packed to its capacity 
with grease, the grease levelled off 
flush with the sides of the races, and 
then carefully weighed. The tempera- 
ture of the surrounding oil bath at the 
start of the test is carefully noted, and 
the test is run at room temperature for 
one hour. The rise in temperature of 
the oil bath during the test gives a 
rough idea of the lubricity. 


A grease that has good lubricating 
value will give a temperature rise of 
only 10 to 15 deg F over the initial 
starting temperature. A poor lubricant 
may give a 35 to 40 deg F rise. 

Starting and running torques and 
appearance of the grease are also 
noted. In general, the lower the start- 
ing and running torques, the cooler a 
bearing will run. Although torque 
measurement is made at room tempera- 
ture, it will quickly identify a low 
temperature grease. Where an ordi- 
nary grease will have a starting torque 
of 700 to 1200 or more gram centi- 
meters and a running torque of 250 to 
100 gram centimeters, a low tempera- 
ture synthetic diester grease will have 
starting and running torques of less 
than 200 gram centimeters 

These data reflect the viscosity of oil 
used in making the grease. A low 
temperature grease may contain an oil 
of only about 60 seconds Saybolt 
viscosity at 100 F, whereas, an ordi- 
nary grease may be made with oils 
ranging trom 300 to over 2000 sec- 
onds Saybolt at 100 F. Those greases 


containing high viscosity oils, of 


Fig. 4—Fafnir friction oxidation machine for selecting a grease 
that is resistant to oxidation in bearings that are oscillated. 
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course, will give high torques and 
cause the bearings to run warmer. 

Some greases stiffen after a 
minutes operation at room temperature 
and channel. 

With the ordinary grease, of course, 
there is no leakage through the shield 
at room temperature, but some grease 
may be thrown up out of the bearing 
and cling to the shaft above the bear- 
ing. Within the consistency range of 
about 260 to 320, most of the grease 
remains in the bearing. If the grease 
is harder than 260, as much as 40 to 
50 percent may be thrown out. If 
softer than 320, the grease may leak 
through the bottom shield of the bear- 
ing into the cup below. Such a grease 
might leak past grease seals in a motor 
and either come out along the shaft 
or get in on the windings 


few 


FRICTION OXIDATION. This type of 
oxidation is only troublesome where 
bearings are subject to slight oscilla 
tions or movements, such as are en 
countered in control bearings on 
planes, or in automobiles and motors 
while being shipped across the coun 
try. The oxide formed is FegO4, which 
is black and magnetic; not Fe,Oxg, the 
ordinary red brown oxide. 

The Fafnir friction oxidation test 
machine is useful in selecting a grease 
that is resistant to friction oxidation. 
Although the standard test calls for a 
load of 550 Ib on the test bearings, 
which are Fafnir No. 4J05 thrust bear 
ings with grooved rims, the author 
has obtained better results with a 900 
Ib load. 

In general, greases with low vis 
cosity oils show up well on this test 
Some of the lowest wear occurs with 
the synthetic diester greases. There is 
also some indication that the presence 
of a good antioxidant in the grease is 
helpful in preventing the oxidation of 
iron to its magnetic oxide in the fric- 
tion oxidation process. The Fafnir test 


also shows that the presence of some 


extreme pressure additives causes a 


greater amount of wear on a bearing 

No standard test has been accepted 
to determine the ability of extreme 
pressure greases to stand up under 
heavy loads, but the Shell four ball 
tester has been used for this purpose. 
In general, good extreme pressur« 
greases will stand about 1700 Ib load 
in an adaptation of the Falex machine, 
designed to test extreme pressure prop 
erties, as compared with 900 to 1000 
lb load for an ordinary greas 


Oi. LIBERATION. Bleeding of oil from 
greasc standing in containers or in 
service 18 a property that is subject to 
considerable controversy 
course, must liberate a certain amount 
of the oil from the soap structure to 
insure good lubrication. The refer 
ence here, however, is not to the nor 
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mal amount of oil a good grease liber 
ates, but to excessive pools that may 
form on the surface or bottom of a 
container. The author 
no free oil should be visible, 
ence indicates poor compounding 


contends that 
its pres 


TESTS FOR SYNTHETIC GREASES. With 
synthetic 
diester silicone tests to 
distinguish between types of 
greases should be of increasing impor 
tance. While they are advocated either 
for low or high temperature work, no 
standard methods have been approved 
covering the identification of these 
greases. The current procedure at the 
Schenectady Turbine Division Labora 
tory of the General Electric Company 
is described in “Tests that Distinguish 
Types of Lubricating Greases”, pub 
lished in the G. E. Review, August 
1949. These are employed in checking 
tor low temperature applications. They 
trom 


the coming of the newer 


and greases, 


these 


will distinguish greases made 
petroleum oils, from synthetic aliphatic 
diesters and from silicones 


Fig. 5—Falex machine for testing the load carrying capacity and 
extreme pressure properties of oils and greases. 
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Goop SPEED CONTROL or load protection can be obtained 
by regulating the field of a standard shunt wound machine 
with a magnetic amplifier. This combination of motor and 
control can be used in place of compound wound machines 
in applications requiring either constant speed or constant 
load performance. 

To obtain optimum regulation of a compound motor, 
different amounts of series field are required for various 
types of load, even if the load ratings are the same in each 
case. Thus bending roll drive motors are heavily com- 


CONSTANT SPEED 


The speed of a shunt motor de 
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pounded, while in normal machine tool power units the 
compounding is usually a small percentage of the total 
field. This often results in the use of a compromise wind- 
ing, with different shunts around the series field. These 
shunts are difficult to adjust. 

In contrast, a shunt motor with magnetic amplifier field 
control will give good speed or load regulation regardless 
of the characteristics of the load. This type of speed 
regulation is particularly good when motor speeds must 
be closely matched, as in a continuous mill. 


MOTOR CONTROL 





creases with an increase in load. When 
a series field is added it opposes the 
shunt field. Motor speed can be kept 
neatly constant for a limited load 
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range because the field strength is re- 
duced on increasing loads and in- 
creased under light loads. Compound- 
ing is difficult to adjust for accurate 
speed control, since any adjustment 
must be made by adding a shunt across 
the series winding. The resistance of 
this shunt is so low that it can be af- 
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fected by variations in contact pressure 








and temperature. A more versatile 
and accurate speed control is shown in 
Fig. 1, where motor field strength is 
regulated by means of a magnetic am- 
plifier instead of a series field. 

The motor field is energized by the 


Fig. 1—Magnetic amplifier speed control of shunt wound motor. Tachometer generates 
a d-c voltage in direct proportion to motor speed. Rectifier output is controlled so that 
field strength varies in the proper manner to maintain constant speed. 


rectifier through a variable resistor. 
The magnetic amplifier regulates th< 
power input to the rectifier. Amplifier 
impedance depends on the flow of di- 
rect current in its control winding 
which in turn varies with the output 
of the motor-connected tachometer. 
An increase in motor speed increases 
the tachometer output and control 
winding field strength. The amplifier 
core iron becomes more nearly satur 
ated and allows a greater flow of alter- 
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nating current to the rectifier. This 
increases the motor field strength and 
reduces the speed to the desired value. 

A decrease in motor speed reduces 
the amplifier flux and motor field, 
causing the speed to increase to normal. 

The flux in the amplifier core iron 
is kept close to the bend in the mag- 
netizing curve. Therefore, a small 
change in control coil strength causes 
a large variation in magnetic flux and 
amplifier impedance. A 1 percent 


change in coil strength will vary the 
motor field strength by 10 to 100 
percent or more, depending on the 
application. 

Another control arrangement, Fig. 2, 
makes use of the fact that for con- 
stant speed the field strength is in- 
versely proportional to the load. No 
tachometer is necessary. 

The system is similar —_ that 
amplifier impedance is controlled by 
two coils instead of one. Coil V is 
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connected across the motor leads and 
gives a constant saturating reference 
flux. Coil A measures the load by the 
voltage drop across the interpole motor 
windings and generates a flux in oppo- 
sition to the reference flux. 

An increase in load causes a decrease 
in speed and a greater drop across the 
interpole windings. The flow of cur- 
rent in coil A increases and causes a 
reduction in saturation of the magnetic 
amplifier core iron. This weakens the 
field and the speed returns to normal. 
Speeds lower than the desired value 
have the opposite affect. The reference 
flux and consequently the control point 
can be set by adjusting the variable 
resistor. 

This arrangement is not as accurate 
as that shown in Fig. 1, but gives satis- 
factory regulation for hoist and eleva- 
tor applications. 
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Fig. 2—For constant speed operation, the field of a shunt motor is inversely pro- 
portional to load. This circuit uses this principle by controlling the output of the 
motor freld rectifier in inverse proportion to the drop across the interpole windings. 


CONSTANT LOAD MOTOR CONTROL 


Compound wound motors are also 
used to maintain constant motor load. 
For these applications the series wind- 
ing strengthens the shunt field and re- 
duces motor speed as the load in- 
creases. This decreases the work done 
by the motor and maintains a constant 
load. When the load is less than 
normal, the series winding decreases 
field strength and increases motor 
speed. Magnetic amplifier control of 
a shunt motor, Fig. 3, gives similar 
but more accurate control. 

The load is measured by the voltage 
drop across the interpole motor wind- 
ings. Since the saturation of the am- 
plifier iron is directly proportional to 
the load, only one control coil is re- 
quired. When the load increases above 
normal, amplifier current is increased. 
Motor eat and speed are reduced. 
A decrease in motor load weakens its 
field to increase its speed and restore 
the load to normal. 

For larger motors, amplifier size can 
be reduced by using two motor field 
windings. One field is manually ad- 


Mofor 


J 











Interpole ¢ 





wi nding 7 

















Jch 





Fig. 3—Shunt wound motor with magnetic amplifier field control for constant load. 
Output of amplifier and field rectifier varies with the drop across the interpole wind- 
ings. Variable resistors in circuit permit adjustment for desired constant load. 


justed for full load speed and a smaller 
field is controlled by the amplifier to 
obtain speed or te | regulation. 
Besides achieving a reduction in 
the physical size of the magnetic am- 


plifier, this arrangement also permits 
the use of units which are more sen- 
sitive and have higher response speeds. 
This results in overall better control 
of the motor field. 


GENERATOR CONTROL OF SPEED 


When a shunt wound motor receives 
its power from an individual shunt 
generator, motor speed can be regu- 
lated by controlling the generator field, 
Fig. 4. This is similar to direct motor 
field control except that generator field 
strength varies directly with generator 
output, instead of inversely as in a 
motor. 

The generator field is energized by 
rectifier C, the output of which de- 
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pends on the impedance of the mag- 
netic amplifier a-c windings. Control 
coil V gives a saturating reference 
flux and is adjusted so that the con- 
trol point falls near the bend of the 
magnetizing curve. The flux generated 
in the nonsaturating winding S varies 
with the output of the motor connected 
tachometer. Motor field strength is 
maintained constant for a specific con- 
trol point. 


If motor 7 is above the desired 


value, control winding S increases th« 
impedance of the magnetic amplifier 
The generator field strength is de 
creased and the motor slows down. At 
speeds below normal, winding S in- 
creases the amplifier core saturation 
and the generator output increases 
This system of motor speed control 
is used where close speed regulation is 
required, such as for continuous strip 
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steel mills and_ sectional 
bine Ss 

Another method of controlling mo 
tor speed by magnetic — com- 
shunt wound generators 
is shown in Fig. 5. No tachometer 1s 
required, and generator load is meas- 
ured by the drop across a fixed resistor 
in the armature circuit. For a constant 
field strength, speed 
varies inversely with load 

Control coil V gives a field saturat- 
ing reference flux. When motor speed 
because of increased load, 
the flow of current through coil A in- 
Generator field excitation in 
creases and motor speed is brought 
back to normal. If the load is negative 
(tends to drive the generator), the 
flux of coil A reverses and opposes the 
reference flux. This causes a reduction 
in generator output voltage so that 
the motor can return power to the line 
through the generator. The breaking 
effect maintains constant speed under 
overhauling loads. Accurate speed 
control of hoists and clevators can be 
obtained with this circuit, even with 
large variations in load 

The general principle of magnetic 
amplifier compounding of shunt 
wound machines can be applied to any 
new or shunt motor. This 
may sometimes relieve the necessity of 
cafrying compound wound motors and 
adjustable series field shunts in stock. 
Under any condition, magnetic am- 
plifier control gives closer load or 
speed regulation than can be obtained 
by using a series winding for com- 
pounding 

The present trend in power supplies, 
for drives which are used to control 
load or speed, is away from a-c and 
towards d-c. 


paper ma 


pounding of 


motor motor 


d creases 


reases 


existing 


As the use of d-c in- 
creases, these methods of controlling 
d-c machines are becoming important 
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Fig. 4—Individual generator drive of a shunt wound motor. Constant speed operation 
of the motor is obtained by regulating the control magnetic amplifier and the generator 
field in accordance with the signal output of the motor-connected tachometer. 
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Fig. 5—Generator-motor unit arranged 
for constant speed performance. Out- 
put of amplifier and generator field 
rectifier vary with the drop across a 
fixed resistor in the armature circuit. 
For constant motor field, speed is in- 
versely proportional to load. 
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Tailor-Made Oils For Special Lubrication Problems 


FOR SPECIAL APPLICATIONS where pe- 
troleum products do not function well, 
scientists are developing synthetic oils 
to obtain optimum advantages. Typical 
of these are the ‘aliphatic esters, poly- 
alkylene oxides, the silicones, esters of 
phosphoric and silicic acids, and 
highly fluorine-substituted hydrocar- 
Some 


bons of these are now com 
mercially available and volume up. 
However no one of these synthetics 
is best for all purposes. Physical, chem 
ical and economic requirements pe- 
culiar to each lubrication problem de- 


termine which lubricant to use. 
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The synthetics have certain inherent 
advantages over mineral oils: (1) 
they are homogenous in the 
chemical sense, engineers can predict 
and control all cf their properties; 
(2) chemical addition agents can be 
used to improve them; and (3) de 
velopment of compounded oils is sim- 
pler because there are no undesirable 
chemicals present to cause variations 
from one production batch to another. 

Major impetus behind the develop- 
ment of these lubricants has been the 
need for lubricants at very low tem- 
peratures (to —65F) and at consider- 


since 


ably higher than usual tempera- 
tures. Advantages of the new mate- 
rials include: low freezing points, low 
evaporation rates, excellent oxidation 
resistance, stability, nonflammability, 
and excellent response to inhibitors 
aad oiliness additives 

On the other hand, the synthetics 
may display a deleterious effect on 
some plastics, paints, and rubber. Sili- 
cones have limited oiliness properties. 

Continued developments are under- 
way to extend the storage and operat- 
ing life of the new oils as well as their 
operating temperature ranges. 
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A MESSAGE TO AMERICAN 


INDUSTRY ®* 


ONE OF A SERIES 


PROSPERITY IN THE USA: 
How Deeply in Debt Are We? 


How prosperous are the people of the United 
States? Previous messages in this special se- 
ries have answered this question in part by 
recording the progress — relatively slow prog- 
ress—we have made in increasing both the 
income and the wealth per person in the USA. 

This fourth and concluding piece of the 
special series deals with the extent to which 
our prosperity should be discounted because 
it has been accompanied by an increasing vol- 
ume of debt. Many correspondents have sug- 
gested to us that an individual or a nation can 
temporarily increase prosperity by borrowing, 
but in so doing lives on both borrowed goods 
and borrowed time. Our purpose here is solely 
to throw light on the question of whether or 
not we are now in that unenviable position. 

On January 1, 1953, the total debt of the 
United States government and of its citizens 
was $627 billion, as shown in the table below. 
On its face, a debt of this magnitude, which 
represents about $3,900 of debt for each per- 
son, suggests that we are heavily debt-ridden. 


TOTAL DEBT — PUBLIC AND PRIVATE 





Federal government debt $267 billion 


State and local debt 


Private debt 
Corporations 
Individuals 


$627 billion 





The burden of our debts, however, does not 
depend simply on their size. It depends in 
much more decisive degree on our capacity to 
carry the load successfully. This capacity, in 
turn, is partly a matter of attitude, and atti- 
tudes defy objective measurement. A commu- 
nity that gets very jittery about its debts has 
less capacity to carry its burden successfully 
than one that does not. But the accurate 
measurement of jitters, present or prospec- 
tive, still remains to be mastered. 


Capacity to Carry the Debt Load 


Nonetheless, it is possible to throw some 
light on our capacity to carry the debt burden 
by studying key economic elements that can 
be measured with some degree of accuracy. 
The following paragraphs indicate how some 
of these key economic elements stand. 

Compared with our national income, the 
total volume of our debts, public and private, 
is still well below the level of 1929, when it 
proved to be too big for the good of the coun- 
try. Our total debt is now 113% greater than 
the national income whereas in 1929 it was 
146% greater. 

There are several other cheering facts about 
our debts. One is a sharp decline in interest 
rates which makes the cost of carrying our 
debts relatively much less than it was in 1929. 
It took 8% of our total national income to 
carry our debts in 1929; it takes only about 
5% of the income today. 





More Cheering Facts 


We also have much more ready cash now 
than in 1929. Today individuals and corpora- 
tions hold a total of $269 billion in cash or 
its equivalent which is almost twice as much 
as the portion of private short-term debt 
(about $140 billion) that is subject to sudden 
demand for payment. 

Many students of the subject cite the rela- 
tively low cost of carrying our debts and the 
large volume of cash on hand, and reach the 
comfortable conclusion that our debt burden 
is nothing to worry about. In further support 
of this view they emphasize the fact that no 
important part of our debt is owed abroad. 
Hence, they reason there is not the danger, so 
conspicuous in Britain since the end of World 
War II, that our economy will be upset by the 
necessity of making heavy debt payments to 
other countries. 


Some Dangers of Present Debt 


However, the nature of our debts presents 
dangers that it would be foolish to ignore. 
This is true of both the debt of $267 billion 
owed by the federal government to its citizens 
and the $330 billion in private debts owed by 
some citizens and corporations to others. 

Public debt can be a dangerous kind of debt 
because government has the power to print 
money or to create its equivalent by expand- 
ing bank credit. Of the $215 billion that the 
federal government borrowed during World 
War II, over $90 billion was borrowed from 
banks. This was the largest single contributor 
to the inflation of prices that since the war 
has robbed the dollar of about half of its pur- 
chasing power, and thereby robbed the buyers 
of government bonds of about half the pur- 
chasing power these bonds were supposed to 
represent, 

If, as is quite possible, a new emergency 
should again require the federal government 
to borrow heavily while its debt remains so 
high, it is doubtful that the public would be 
avid to buy its bonds. Hence, the government 
might again be forced to resort to the infla- 
tionary process of relying on bank credit. 

Private debts can be dangerous if the people 


take on new debts more rapidly than is 
justified by the growth of business or by their 
ability to repay. Last year bank loans were 
increased by the imposing sum of about $612 
billion, which represents an increase of about 
11% in total loans outstanding. This is almost 
twice as much as the increase in the volume 
of business over the same period. Installment 
credit for consumers increased by $3 billion 
last year, again an increase in debt about 
twice as great as the increase in business 
volume in the fields where the credit was 
used. It is also the fastest rate of such growth 
in our history. 


Constructive Use of Credit 


So long as the expansion of credit does no 
more than keep pace with expansion in the 
volume of business, the expansion is construc- 
tive. Also, when credit is expanded to acquire 
resources and equipment that will enlarge the 
volume of business a little later, that use is 
clearly constructive. But when private credit 
expansion begins to run ahead of business 
growth, it is time for us to be heads up. Such 
credit expansion courts price inflation. It also 
creates a forced draft under business so that, 
if credit is cut off, there may be a painful 
drop. 

To give a summary answer to the question: 
Is the level of debt in the United States a 
danger to our prosperity? —the answer seems 
to be, “Not at the moment.” We owe nothing 
abroad. The interest burden on present debt 
is relatively small, and we appear to have the 
resources to handle the short-term debt. Yet 
both the total amount of debt and the recent 
rapid increase in total private debt, especially 
the latter, are enough to signal for caution. 
We need restraint on the part of business and 
consumers to avoid expanding private borrow- 
ing at an excessive rate. The federal debt needs 
to be reduced and put in more manageable 
form. If these things are done, we can proceed 
to build a sound prosperity. 
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Typical of a trend to “dress up” auto- 
motive engines:is the use by Lincoln of a 
silicone base paint on the exhaust mani- 
fold of their new 205 hp power plant. 


HE SUCCESSFUL 
coatings in 


development of silicone 
opens up signiiicant new 
fields of application for designers and engineers 
throughout the metalworking industry. 

Aluminum and black pigmented silicone coat- 
ings for purely functional use are well established 
and are being applied where resistance to high 
temperature previously was a major problem. In 
many cases they have superceded older conven- 
tional finishes. On such products as exhaust stacks, 
boilers, engines, heat exchangers, mufflers, stove 


color 
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Properties of colored, heat-resistant 
silicone finishes . .. Comparison with 
alkyd-melamine base enamels . 
Recommended applications for vari- 
ous Classes of industrial equipment 
and consumer products. 


M. A. GLASER 


Chief Chemist 
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parts, and aircraft components, silicone finishes 
with aluminum pigments have withstood corrosive 
atmospheres and temperatures in excess of 1,000 F 
while maintaining good film integrity and appear- 
ance. Black finishes, based on silicone resin, simi- 
larly have been field tested and approved for use 
on engine manifolds, heaters, photographic equip- 
ment, exhaust systems and heat exchangers. 

The addition of black or aluminum pigments 
keeps pace with the heat and chemical resistance 
of the silicone vehicle, and frequently enhances 
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Fig. 1—Colors that are available in silicone base finishes. 
less heat resistant than aluminum 
1.0001 


can be used between 350 and 


big 


2 ow a non-pigmented silicone vehicle (top) com 
pares with an alkyd melamine vehicle after exposure at 
room temperature, 500F, and 5 ; 
and gloss of the melamine, and relative stability 
silicone This gives some idea of base metal protection. 


\ 


Although somewhat 
pigmented vehicles, these types 
without significant changes in color. 


Note change in color 





those properties; special grades 
of aluminum flake and black pig 
ments can withstand elevated 
temperatures up to 1,500 Fah 
renheit. 


Silicone base vehicles pig 


mented with other colors Fig. 1 
are not as heat-resistant as the 
above types but do, nevertheless, 
compare favorably with conven 
tional finishes, and their use on 
au Wide variety of products where 
decorative appeal has hitherto 
been difficult is now a distinct 
and practicable possibility. They 
fill an important niche between 
conventional finishes and inot 
ganic (porcelain or ceramic) ma- 
terials. For the purposes of this 
article, conventional finishes are 
( onsidered as those based on oleo 
resinous varnishes, alkyd, urea 
formaldehyde, melamine-formal- 
dehyde, triazine formaldehyde, 
vinyl, rosin, acrylic, cellulose 
olubilized rubber, terpene and 
hydrocarbon resins. The conven 
tional finishes have limited heat 
resistance, usually failing unde) 
100 F. Inorganic finishes are gen 
erally satisfactory for heat re- 
sistance in the 1,000 F to 2,000 F 
range. Silicone enamels are most 





useful when the exposure en 
vironment is in the 350 F to 
1,000 F region. In Table I is a 


Effect of temperature on color and film integrity 
pigmented silicone finish (top panels) and con- 
finish. After exposure to 450F for 15 
minutes (left) both finishes are still satisfactory, but after 
and 575F, the non-silicone volatilizes. 
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comparison of these three gen- 


eral classes of finishes. 

A glance at Fig. 2 illustrates 
what happens when just the ve- 
hicle portion of a heat resistant 
silicone finish is compared with 
a good alkyd-melamine vehicle 
after exposure at elevated tem- 
Although both ma- 
terials start with film in- 


peratures. 
good 
tegrity, pale color and high gloss, 
the alkyd-melamine 
badly at 500 F., loses gloss, and 


disce lors 


changes from a water white to 
a charred black film. The change 
at 575 F is even more severe, 
with film properties being so poor 
as to offer no protection. The sili- 
goes 
through both the 500 and 575 F. 


with no 


cone vehicles, however, 


exposure appreciable 
change in color and gloss, 
vehicles 


In general, silicone 


have chemical resistance, 
Table I]. With the exception of 


organic solvents, they withstand 


ood 


most reagents acids, 


alkalies, 


tionally well. 


including 


salts, and oils, excep- 


Silicone paints are applied by 


such as 
spraying, dipping, brushing, and 
roller-coating. Primers 
customarily required, but a good 


conventional methods 


not 


are 


degreasing operation and or a 


Fig. 4 


light phosphatizing treatment 
are recommended before the ap- 
plication of the finish. No essen- 
tial changes in spray equipment, 
production techniques, or ovens 
are necessary. In some instances, 
the 
silicone’s heat resistance proper- 


advantage can be taken of 


ties to shorten baking schedules 
by raising oven temperatures 50 
to 100 F beyond those formerly 
with conventional 


deemed safe 


old line coatings. 


Formulation of Coatings 


The pigments used in coloring 
silicone enamels must be chosen 
carefully, with reference to the 
Fortun- 
development 


use of the enamel. 


the 
engineer has at 


end 
ately, finish 
his command a 
selection of pigments that 


pos- 


only excellent heat re- 
but 


and 


sess not 
fine chemical 
UOr- 


usualls 


sistance, also 


resistance durability. 
ganic pigments do not 
the thermal 


for 


stability re- 
heat 
The phthalo- 

greens 


have 
high silicone 


paint applications. 


quired 


cvanine blues and are 
exceptions to this rule and may 
be used for many applications. 
Many inorganic pigments may be 
employed with silicones to get 


substantially the same range of 


Vehicle heater, manufactured by the South Wind Division of Stewart 
Warner for military use is finished with an olive drab silicone coating. 


This 


coating, which must withstand much higher temperatures than required in 
civilian applications, has a salt spray resistance in excess of 300 hr. after ex- 


posure to 500F for four hr. 


Heaters represent an excellent use of silicones. 


colors that are offered in conven- 

these 
sulfide 
sulfo-selenide 


tional finishes. Some of 


pigments are: cadmium 
vellow, cadmium 
oranges and reds, cadmium sele- 
nide maroons, titanium dioxide 
white, cobalt oxide blue, chromi 
oxide yreen and vellow and red 
iron oxides. The higher cost per 
hiding unit of some of these pig- 
ments is noteworthy. For ex- 
the 
silicone red baking enamel may 


that of an ortho 


ample, pigment cost in a 
he 3 to 5 times 


dox red baking enamel of ap 
proximately the same color 
Where the 


quirements are 


temperature re 
not so severe, 
low priced silicone modifications 


These 
a limited color range 


are available. have been 


made in 
most shades ot 


grays through 


brown and tan, to some blues, 
creens and reds. For severe tem- 
perature requirements, higher 
priced silicone enamels may be 
made. T ese can be had in white, 
ivory and other colors. 

the 


silicone vehicles for specific end- 


Thus, in formulation of 
uses, the paint chemist will try 
the 
ratio that will give his customer 


to use lowest silicone resin 
the required performance char- 
The for this 
understood the 


silicone and 


acteristics. reason 


is readily when 
respective costs of 
most other organic resins are 
studied. Silicone resins and oils 
cost $3.50-$6.00 per lb (based on 
100 percent resin) while poten- 
tial modifiers come in the less- 
than—$1.00 per lb category on 
the same basis. Thus, low-cost 


silicone vehicles contain 1 
part 


modifier; moderately-priced ve- 


may 
silicone resin to 5 parts 
hicles, equal parts of silicone and 
modifying resin; and high-priced 
silicone materials 90-100 percent 
silicone resins. 

Modifiers which are useful in 
conjunction with the silicone res- 
ins include the following resins: 


alkyvds, amines, chlorinated di 
hvdrocar- 


As would he « xpect ad. t he 


phenyls, acrylics and 


bons. 


low-silicone content finishes lack 








TABLE |! 
PROPERTIES OF CONVENTIONAL, INORGANIC 
AND SILICONE FINISHES* 


TABLE Il 
CHEMICAL RESISTANCE OF WHITE SILICONE 
COATING 


GENERAL CLASSES OF FINISHES 
Conventional 


Rating after 
Immersion at 70 F 
3 hr 2hre 100hr 


Rating after 
immersion at 100 F 
3 hr Whe 100 hr 


Properties Inorganic Silicone 


Chemical Reagent 


I xcellent 


Excellent 


Re 

Damage during 
nanutacture, 
shipping and 
installation 


of curing 
or hring 
including capital 
nvestment 
,ovens 


ormal 


OW 


the combination of heat and cor- 
rosion that is to 
found in the higher silicone con- 
tent products. Brown 

enamels selling in the 


resistance be 


silicone 
$7.00- 


$13.00 per gallon range may con- 
tain 20-40 percent of modifying 
resin since the discoloration on 


heating will not noticeably 
change the color. White silicone 
enamels, on the contrary, must 
be made from substantially 100 
percent silicone binder in order 
to retain acceptable whiteness 
after prolonged exposures in the 
400-550 F. range. White silicone 
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High 


Acetic acid, 
2 percent 


Hydrochloric acid, 


2 percent 


Nitric acid, 


2 percent 


Phosphor 


. 
2 percent 


ulphuric acid, 


¥$ ‘ 
< percen 


\pprox 
1,000 F max 


Good 


Normal 


) 
2 percent 


Bi 


Kerose ne 


} 


odium Hy lroxid 


Shightl Sodium chloride, 


above 2 
normal 


percent 


Linseed oil 


Normal 
Mode rate 


Oil (SAE 30 


Petroleum grease 


enamels of this type sell for 
$20.00-$30.00 per gallon. 

While this may seem like a 
very high price Jor a gallon of 
paint, the reasons are evident 
from cost calculations, Table IV. 
It is obvious that this five or six- 
fold higher materials cost plus 
higher processing, packaging, re- 
search, and testing costs must be 
justifiable from an economical 
standpoint, otherwise no silicone 
finishes would be purchased. The 
main justifications for using col- 
ored silicone finishes are: 

1. They are the only organic 


surface available for 
certain (heat resistance, 
durability, electrical properties). 

2. Simplified design made pos- 
sible by the heat, resistance 
of the silicone finish will more 
than save the extra cost involved 
in the use of this finish. (For 
example, the re-design of one oil- 
burning space-heater finished in 
silicone enamel involved both a 
reduction in amount of insulation 
used and in the number of baffles 
required to keep the outer shell 
cool. These design savings were 
appreciably greater than the in- 


coatings 
jobs 
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TABLE Ill 


HOW SILICONES COMPARE 
WITH HEAT RESISTANT 
ALKYD-MELAMINE BASE ENAMELS 


WHITE 


Alkyd- 


Melamine 


Silicone 


ENAMELS 


BROWN ENAMELS 


Alkyd- 


Silicone Melamine 





40 deg gloss reading 


ifrerinitial bake 


640 deg gloss reading 
after heating for 
24 hr. at 550 | 


Flexibility test 
180 leg bend over 
in mandrel after 


niti il bake 


Flexibility test 
180 deg bend over 
16 1n mandrel after 
24 hr. at 550 I 
\brasion resistance 
[aber CS 10 Wheel 
Wear Factor 

\IG, 100 evcles 


xcellent Goo 


} 


(hl resistance, cell 


45 hr 


ellent Poor 


Brown 


creased cost of the finish used. 

The heating industry 
leads in the adoption of this new 
group of products. A non-silicone 
heat-resistant brown enamel and 
a modified silicone brown, 
they emerge from the initial pro- 
duction bake, are both hard and 
flexible, tough, adherent and 
have good smoothness and luster. 
After 24 hr. at 500 F, the silicone 
type is practically unchanged; 
its gloss, color retention and film 
properties remain good. It will 
withstand a 180 bend over a 14 
in. mandrel after the heat test 


stove 


as 
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cracking 
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Excellent Excellent 


nt Excellent Excellent Excellent 


Excellent Poor 
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without showing visible failure. 

Conversely, the conventional 
type loses its gloss and color, and 
its film integrity is poor. Bend- 
ing the coated panel bearing this 
finish results in bad flaking. By 
raising the temperature even 
higher—to 575 F for 24 hr—the 
comparison becomes even more 
dramatic. At this higher temper- 
ature even the silicone material 
undergoes a slight color change, 
but the conventional product 


breaks down completely. 


Another “stove” application is 


on Army Quartermaster vehi- 


cles, Fig 4 which are equipped 
with heaters that develop a tem- 
perature far that at- 
tained in civilian trucks or auto- 
Finish 
call for a protective olive drab 
which, among other 
things, must have a salt spray 
resistance of 300 hr. after being 
subjected to a heat test of 4 hr 
at 500 F. The best 
materials (other than ceramics) 
failed badly after the 500 F heat 
test. held 
some promise for this job and 


beyond 


mobiles. specifications 


coating 


non-silicone 


Ceramic materials 
were actually given a production 
trial. Difficulties in handling, in- 
ability to touch up numerous re- 
jects, and brittleness of the final 
products, were some of the short 
comings which made the ceramic 
type impractical. 

Several manufacturers in the 
automotive field are considering 
the use of silicones to “dress up” 
their product. Already, certain 
heat-exposed portions of one of 
the high quality prestige cars are 
being finished with a high heat 
resisting black silicone product. 
Tests under way at the moment 
point optimistically to the suc- 
cess of colors designed to add 
striking eye appeal to such parts 
as manifolds and exhaust 
which normally 
sightly through oxidation caused 
These 
harmonize with body finishes. 


parts 
become un- 


by heat. new colors will 


Silicone Colors for Appliances 


During the past year there has 
been much speculation in the ap- 
pliance field about the utility of 
Shortages of 
plating metals led to a search by 
for 
ments that would “stand up” and 
still retain the attractiveness of 
chrome plate. Many novel silicone 
finishes worked  out- 
mostly polychromatic shades of 
brown and tan, sometimes with 
contrasting colors. Some design- 
ers investigated transparent cop- 
per and gold effects that had to 
be applied over polished metal to 
give satisfactory results. Al- 


silicone finishes. 


some companies replace 


were 





though none of these emergency 


finishes has actually been put 


into production, many have been 
sufficiently evaluated to indicate 
sili- 


another potential spot for 


cone coatings. Toasters, sun 


lamps, sterilizers, and 
bakers, 


flectors, and many other products 


roasters, 
irons, heating fans, re- 
are logical applications. A _ sili- 
cone finish produces a pleasing 


effect over such metals as pol- 


Exact 
color shades may be varied by 


ished steel and aluminum. 


regulating the film thickness and 
the color intensity in the coating. 

How well these coatings with- 
stand elevated temperatures is 
illustrated in Fig. 3. The panel 
(top left) was baked 15 minutes 
at 450 F. The next panel is the 
material subjected to an 
additional bake of 48 hr at 500 F. 
The change in color and gloss is 


Same 


barely perceptible. By compari- 
son, the non-silicone gold finish 
(bottom) turns color when sub- 
jected to 500 F, and is almost 


completely volatilized at 575F. 


Fig. 5 


Cleaning operation on Stewart Warner wall heater 


Finishes for Glass 
Clear and pigmented heat re- 
sistant finishes 
sometimes 


for glass are 
colors. 


this 
must be 


required in 
Silicones fit 
field. Light 
colored in 


admirably in 
bulbs that 
different 
various purposes have been suc- 


shades for 


cessfully finished in silicone col- 
ors. Bulbs that cannot withstand 
porcelain baking temperatures 01 
that can more readily be produc- 
tion adapted to the use of silicone 
finishes are typical applications 
TV 
resistant 


Radio and tubes which re- 
heat identifica- 


tion markings are among other 


quire 


uses. Some of these coatings 
have been applied by silk screen- 
ing processes with the same ease 
as conventional 


lacquer or en- 


amel coatings. 

Use on High Speed Airplanes 
aircraft 
blies subjected to ultra-high tem- 


Intricate new 


assem- 


peratures rely on silicone colors 


not only to protect valuable 


metal components but also to 


Fig. 6—(Right) 


U nit 


identify readily the location of 
vital members. 

Whereas ordinary organic fin- 
ishes crack, or flake off and are 
the 
temperatures en- 


destroyed by extremes ol 
high and low 
countered, silicone resin-based 
coatings have been found to hold 
Aluminum, 


white, red, blue, black and yellow 


up satisfactorily. 


are among the colors used. 
An interesting 
these aircraft applications is the 


sidelight to 


development of an aerodynamic 
smoothing compound based on 
silicone resin made to withstand 
high and low temperatures. This 
was 


compound designed to br 


knifed or sprayed, sanded and 


recoated with the silicone color 


enamels. 


Color Coding 
In several applications, silicone 
finishes have been applied not 
only for protection but also as a 
means of identification. For ex- 


ample, resistors must be pro 


tected from moisture and other 


heater produced by the Florence 


panel, and finished unit, which is available in ivory or beige 


Stove Company of Gardner, Mass., and finished with a 
colors. See last page for other Stewart Warner application. 


silicone coating. Other colors are also available. 
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corrosive agents, but colored sili- 
cone resistor coatings are also 
used to facilitate the identifica- 
tion of resistance rating. Still 
another use for cvlored silicone 
paints is in marking inks. These 
inks can be applied over light 
colored silicone resistor coatings 
to provide excellent contrast, 
with a resultant ease in reading. 
The silicone paints used for these 
applications will withstand vir- 
tually all the operating tempera- 
tures encountered. Superheated 
steam lines which must be iden- 
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COST OF 


TABLE IV 


INGREDIENTS FOR ALKYD-MELAMINE 


AND SILICONE BASE WHITE ENAMELS 


Cost of Ingredients 


Ingredient Cost/ib. Lb. 


Alkyd-Melamine 
. Gal. 


Silicone White Enamel! 
Cost Lb. Gal. Cost 





Titanium 
dioxide 


50° alkyd 
resin 


50° silicone 
resin 


50°, Melamine 0 
formaldehyde 
resin 


Solvent 


Catalyst 


1,009 


Fotal raw ma 
terial Cost 


tified as to source and direction 
also. have ,been successfully 
coded. The housings of different 
types of electric motors are now 
often painted with various 
shades (yellow, red, green, etc.) 
of silicone enamel, to distinguish 
one type from another. 


Specialty Coatings 


Although present silicone coat- 
ings do not lend themselves to 
the crackle and wrinkle types of 
specialty finishes, they may be 


15 $57.5 


60.00 130 


70 10.00 5.60 
3 0.35 0.72 


100.00 267.64 1,009 100.00 1,296.82 


$2. 68/gal 


’ 


formulated to give a “veiling’ 
effect. This effect is used to cover 
up and hide imperfect metal sur- 
faces and to give a characteristic 
appearance to a manufacturer’s 
product. Other specialty finishes 
for which the silicone resins have 
special merit include coatings for 
wire wound resistors (good elec- 
trical properties, excellent re- 
sistance to humidity and salt 
spray, moderate cost) and fungi- 
cidal coatings for tropical equip- 
ment heating up on use to over 
150 Fahrenheit. 
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KENDALL JONES 


Project Engineer . 
Adel Division, General ‘Merals Corporation 


Circuit requirements and service considerations 
that influence the selection and application of 
solenoid shutoff valves in aircraft hydraulic sys- 
tems. Variables that govern solenoid design. 


SIMULTANEOUSLY with the intensive activity in aircraft hy- 
draulic systems, many types of shutoff valves have been 
developed to meet operational requirements. Little stand- 
ardization has been achieved and new designs are in constant 
demand. Since these systems are automatic in operation, 
the qualities of dependability, durability, and efficiency are 
of especial importance. 

Solenoid operated control valves can be inserted where 
needed without complicating the tubing layout. The dis- 
tance between the valve and the point of control can be 
conveniently spanned by light flexible wiring. The control 
unit can be a switch in the cockpit or a series of sequencing 
switches on mechanisms in the airframe. 

Coordination between the accessory designer and the 
systems engineer is essential in the selection of valves for 
any particular system. Valves of one design may be prone 
to fail under the influence of ambient conditions such as 
heat or icing, and those of another design when internal 
conditions exist such as reversals of pressure, surges of flow, 
or contaminants in the hydraulic fluid. 

To provide adequate safety of the aircraft in event of 
electrical failure, the valves should return to a position 
that permits accomplishment of an essential service by 
some auxiliary means. Shutoff valves, therefore, are “nor- 
mally closed’ in some applications and “normally open” 
in others. 

Weight of the components in the aircraft hydraulic 
power system is second in importance only to dependability. 
One fundamental attack on weight is to increase the oper- 
ating pressure. Today, nearly all systems are eoueel at 
least partially at 3000 psi. With increased pressure, the 
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Fig. 1—(A) By-pass function with normally closed valve. When 
open, this valve short circuits the system by returning the pump 
flow directly to the reservoir. (B) Power lime function with 
normally open valve. When closed, this valve depressurizes a 
portion of the system while maintaining pressure in another. 


volume of hydraulic fluid required per horsepower is de- 
creased, thus permitting the use of smaller pumps, motors, 
cylinders, tubing and valves with consequent saving of 
weight. With solenoid valves some of this advantage is 
lost, since increased pressure increases the work load on the 
solenoid, which in turn requires an increase in the size of 
the solenoid. 

The design and application of solenoid shutoff valves are 
influenced a Circuit requirements, permissible pressure 
drop through the valve, speed of operation, response time, 
amount of internal leakage that can be tolerated when 
the valve is closed, duty cycle of operation, ambient tem- 
perature, and the presence or absence of sand, mud, water 
or ice in the vicinity of the valve. 

The typical requirements for power-system and for auxil- 
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Fig. 2—Run-around valve, shown normally open, for double- 
ended cylinder or motor. To use power boost, the run-around 
valve is energized or closed to apply pressure to the cylinder. 


iary system shutoff valves can be more easily discussed 
along with some examples of hydraulic circuitry in which 
system considerations affect the valve selection. 


PoWER SysTEM SHUTOFF VALVES. The by-pass function, 
in which the valve short circuits the system and returns 
the flow from the pump directly to the reservoir, is shown 
in Fig. 1(A). This arrangement depressurizes the system 
while in flight and thus reduces the loss of hydraulic fluid 
if a tube is ruptured and also the ensuing fire hazard. 


A valve for this service needs pressure and flow capacity 
in one direction only; its leakage allowable would ordi- 
narily be generous. Only the inlet chamber need be de- 
signed for the system pressure. The pressure drop should 
be low to minimize the power loss during depressurized 
periods. The valve should be normally closed, so that in the 
event of electrical failure the system pressure 1s restored 
and available when needed. 

A power line shutoff valve, Fig. 1(B), is distinguished 
from the by-pass type by the ability to operate with system 
pressure in both ports. This function might be required 
to depressurize a portion of the hydraulic system for 
safety during flight, while maintaining pressure in another 
portion that is used continuously during flight. 

When the valve is open, system pressure is delivered to the 
various functions downstream so that a low pressure drop 
is important. When closed, valve leakage must be as 
small as possible. A normally open valve would be selected, 
since the essential hydraulic services would continue when 
needed in the event of electrical failure. In this instance, 
only the precautionary function of depressurization would 
be lost by electrical failure. 

An application requiring ability to operate equally well 
in both directions, known sometimes as run-around service, 
is shown in Fig. 2. Under normal conditions, the run- 
around valve remains closed while pressure is applied to 
the cylinder or motor that is shunted by the valve. The 
valve is alternately pressurized on each port. While not 
ordinarily critical on internal leakage, the amount of leak- 
age should be the same when pressurized from either side. 

The valve functions as a safety device in the event of 
either hydraulic or electrical failure. Since a hydraulic 
cylinder or motor when full of fluid acts as a pump if 
moved by an external force, the cylinder or motor can be 
locked hydraulically by failure of its control valve. In such 





SOLENOID DESIGN VARIABLES 


The key to the design of efficient solenoids is in the 
selection of flux areas and densities in the magnetic circuit. 
The basic elements of a solenoid are shown in Fig 4. The 
flux density generated by a coil depends on its ampere- 
turns. The amount of flux in any section normal to the 
direction of flow of the magnetic circuit is the same as 
that in any other section of the circuit, therefore, the flux 
density of the circuit varies inversely with the areas of the 
respective sections 

When magnetic flux passes through an air gap between 
the movable iron core and the fixed iron stop, the nag- 
netic force acting to move the core with its load varies 
with the square of the flux dens‘ty in the air gap, directly 
as the area of the flux stream normal to the direction of flow, 
and inversely as the square of the length of the air gap. 
These relations are only true up to the point where flux 
density in any portion of the magnetic circuit approaches 
the saturation value of the magnetic material used. It is 
necessary, therefore, to select all areas in the magnetic 
circuit large enough to prevent saturation effects. 

Since the volume and weight of copper required increases 
with the ampere-turns to be generated, the first line of 
attack on size and weight is reduction of both length of 
the air gap and of the flux density required. The flux 
density required can be reduced up to a point of optimum 
compromise by increasing the size of the core or by reducing 
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the work load. The length of the air gap and the reduc- 
tion of the work load are problems in valve design. 

The ampere-turns generated by a coil at a given voltage 
depends on only three design variables: (1) Mean di- 
ameter of the coil, or average length of turn of the magnet 
wire; (2) diameter of the magnet wire; and (3) unit 
resistance of the material of the magnet wire. 

The coil diameters are determined after establishing the 
core diameter necessary to give the desired work capacity; 
the mean diameter is made as small as possible. 

With the mean diameter established, the wire diameter 
or gage governs the ampere turn-alue of the coil. Increas- 
ing the wire diameter increazes the ampere-turns; this state- 
ment may appear odd, since the number of turns possible 
is less in direct proportion to the increase in diameter of 
the wire. The resistance per unit length, however, is 
reduced also in proportion to the increase in area, giving 
an exponential increase in current and thus a net increase 
in the product of amperes times turns. 

The third variable, unit resistance or resistivity of the 
material, is important because it varies rapidly with tem- 
perature. The coil must be designed to deliver the required 
ampere-turns at the maximum temperature expected in 
service, considering both ambient temperature and the tem- 
perature rise of the coil from its consumption of power. 

The power required by the coil is not directly influenced 
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an event, the service operated by the cylinder or motor 
could not be operated by manual means. To permit manual 
operation of the service affected, the run-around valve is 
connected across the cylinder or motor to provide a low- 
loss path for the fluid that is pumped back and forth. 

in addition, the run-around valve must be able to open 
on signal regardless of direction of pressure, and while open 
permit flow in either direction with low pressure drop. 

With a double-ended cylinder having piston rods of the 
same diameter extending from each end, such as shown in 
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Fig. 3—Run-around provision for single-ended cylinder using 
two shutoff valves; valves are shown normally open. When run- 
around is required, both solenoid shutoff valves are actuated. 


Fig. 2, the amount of fluid expelled from onc end cquals 
that sucked in at the other end when cylinder 1s moved 
back and forth manually. 

When run-around provision ts required on a single ended 
cylinder, the circuit shown in Fig. 3 is used. Since the 
cross-sectional area of the fluid is not equal on both sides 
of the piston, merely shunting the ends of the cylinder 
through a run-around valve does not release the hydraulic 
lock. To accommodate the ebb and flow of make-up fluid 
during manual operation, the circuit must be’ vented 

In the method shown, Fig. 3, the downstream ports of 
two shutoff valves are connected together and to a fluid 
return line. Each cylinder connection is teed into the pres- 
sure port of one of these valves. When run around is 
required, both valves are actuated. From the standpoint 
of fail-safe requirements, this arrangement is Ol interest 
since electrical failure might occur in only one of the 
valves. ‘ 

Since each valve is pressurized only at inlet port, with 
no possibility of downstream pressure, the functional re- 
quirements are the same as for by-passing service except 
that, since flow through the valve is required in both direc- 
tions, an unidirectional pilot valve could not be used 
Normally open valves would usually be selected to assure 
manual control in event of electrical failure. 
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by the ampere-turn requirements, but must be considered for 
its effect on temperature rise. The diametral parameters of 
the coil having been established in meeting the ampere-turn 
requirements of the magnetic circuit, only the length of the 
coil remains as a design variable affecting the power input 
and the temperature rise. 

Neglecting temperature effects, suppose a coil A is 1 in. 
long, has 1,000 turns and draws 1 ampere, then 1,000 
ampere turns would be produced. Another coil B is 4 in. 
long, but has the same diameters and is wound with the 
same size wire as coil A. Coil B would then have 500 
turns but would draw 2 amperes and also give 1,000 
ampere-turns. Another coil C if wound with one turn of the 
same size wire on the mean diameter of coil A would draw 
1,000 amperes and also produce 1,000 ampere-turns. If 
these coils operate at 24 volts, coil A would require 24 
watts, coil B would require 48 wates, and coil C would 
require 24 kilowatts. 

The power input to the coils appears as heat that causes 
the temperatures of the coil and the solenoid to rise. The 
temperature rise that can be tolerated depends on the 
ability of the insulating materials (and the valve seals, if 
they adjoin the solenoid) to withstand heat. The length 
and weight of a solenoid, therefore, are governed by per- 
missible temperature rise. 

The force and stroke requircd to operate the valve de- 
termine the size and capacity of the solenoid. A future 
article will discuss the design problems encountered in 
reducing the size and weight of the overall assembly 
through an integration of the solenoid and valve. 


Product Engineering — March, 1953 


/ 
Rodial gop or 


Main oF working — 
running fit ‘et 


o'r gap 
(Force produced 
here) 


Frome or magnetic cirewit-” Supports coi/ 


path, the ampere-tu 
the degree of saturation ‘of ae 
ampere-turns per inch of length give 
uration flux density for the 


required depend on 
iron. 20 to 30 


ampere-turns per inch 

saturation requires sa 

quired if the paths “me 
Where 


NI = 


of length. Flux in excess of 
© excitation that would be re- 
¢ nonmagnetic. 


- ampere-turns 
= flux density, kilomaxwell i 
tat ~ = length of nonmagnetic path, in. 
pes taeacaing through air or nonmagnetic paths. th 
+. - 4 relating flux density and ampere-t is 
Ail working ae aie 
A & flux passing through th i i 
aw og awe the shell and saline and ph peer Fn Aled 
Pe ning through the radial gap between the aa - 
requires an ampere-turn excitation as determine 


making the flux density i th phon 


large aoe 
oil design considerations: 
governed by diameter of aie 
the turns; (2) Resistance 
volt, is governed by wire di 
ing space; (3) Insulation 
be thieved by winding th 
bobbin, or by applying 


' £ap small or by 
's gap small by using a 


al ) amber of turns is 
and the area nor 

and therefore pa al 
ameter and volume of wind- 
of winding from frame can 
me wire on a fibre or plastic 
insulation direetly to frame. 





eee 








Foy Ret 





na 

2 . bescsbee sera 
e. a“ a 

at: 





28 
43 
72 49 


20.7 12.0 
° 16,000 8,500 








44,000 40,400 
27,000 19,500 


16 ~—-39 
46 
722 «65 


12.5 9.3 
20,000 12,000 


13.0 








6.2 
16,000 








6.0 4.5 
22,500 16,000 





NOTE 1: 


Nomina! composit 
NOTE 2: oe nen ay limites at erat ee 10* cycles, 


a inate cane 


following order: Cu-Sn-Pb-Zn-Ni. 
My NOTE 2: Impact tests in accordance with ASTM E23-41T Type Z. 


cai mah a eaten. aimee (Cc) 83-7-7-3, 14 in, dia. tod; (D) 75-5-204, 14 in. dia. rod. 


Modern Continuous Cast 


CONTINUOUS CAST COPPER alloy prod- 
ucts fall into two general categories 

(1) base castings, such as and 
copper billets, rods, bars or slabs, 
from which are manufactured sheet, 
strip, rod, wire, tubing and shapes by 
conventional mill operations; and (2) 
the more recently developed cast-to- 
size bronze products such as rods, 
tubes and shapes, which are being pro 
duced by a new process pr 

the American Smelting and Refining 
Company. The latter products find 
extensive application for manufacture 


brass 
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of bearings, bushings, shafts, gears, 
nuts, studs, fittings, sleeves, valves 
and miscellaneous structural parts by 
machining directly from the cast and 
straightened forms. 

Continuous casting of leaded and 
non-leaded bronzes has several advan- 
tages over other casting methods be- 
cause of the nature of the melting, 
casting and cooling techniques in- 
volved. These advantages are: 

(1) Overall economy 

(2) Faster production through the 
conversion of molten metal to solid 


form in dimensions as close to finish 
as practical. 

(3) Chemical uniformity because 
of the reduction of variations normal 
to small batch melting and casting. 

(4) Improved physical quality 
(metallurgical consistency and free- 
dom from flaws) through the tech- 
nique of bottom pouring and freezing. 


size 


Basic Structure and Properties 


Continuous cast bronzes have ex- 
cellent tensile strength, hardness, and 
impact and fatigue strength. The 
March 


Product Engineering - 1953 





Table Il—Mechanical Properties of Non-Leaded and Low-Lead Bronzes 
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Fig. 2—Comparison in 


Copper Alloys 


leaded, 
bronzes 
cast by both sand and continuous 
casting are listed in Tables I and II. 
The higher values obtained in con- 


mechanical 


properties of 
low-leaded 


and non-leaded 


tinuous cast metal are attributed to 
its uniformity and fine-grained micro- 
structure. 

Metallographically continuous cast 
bronzes are characterized by a rela- 
tively coarse chevron-type macrostruc- 
ture and an extremely fine microstruc- 
ture. The basic grain formation, Fig. 
1, clearly reflects the directional ex- 
- March, 1953 
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microstructures between continuous cast, sand cast and permanent mold 
bronzes (75 Cu-5Sn-20Pb) show the finer grain size and more even dispersion of lead in the continuous cast 
product, Macrophotographs show: (A) continuous cast; (B) conventional permanent mold; (C) sand cast. 


traction of heat with a minimum of 
turbulence; Fig. 2 shows the com- 
parison in microstructures’ between 
continuous cast, sand cast and perma- 
nent mold high leaded bronze. The 
continuous cast metal is seen to have 
a fine and uniform grain size and an 
even dispersion of secondary constitu- 
ents because of rapid heat extraction. 


The Casting Process 


At least seven commercial continu- 
ous casting processes have come into 
use during the past fifteen years. 


Junghans-Rossi 


J. L. KIMBERLY 


Continuous Cast Products 


American Smelting and Refining Company 


These are the D. C., Dow Chemical, 
Hunter Douglas and Properzi proc- 
esses for aluminum, magnesium and 
their alloys; the Wellblund-Benard, 
and the ASARCO 
processes for copper and its alloys. 
In all cases, except in the ASARCO 
process, only base castings have been 
produced 

The ASARCO continuous casting 
process Fig. 3 operates in the follow- 
ing stages 

(1) Batches are melted for periodi 
replenishment of the casting reservoir 
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2} The molten metal is intro- 
duced into a rectangular graphite cast- 
ing crucible, where it is maintained 
in a nitrogen atmosphere at proper 
temperature by controlled resistance 
heat, and deoxidized by contact with 
the carbon system. The desirable 
metal-to-carbon contact is insured by 
baffling, which also prevents turbu- 
lence at the die end 


(3) In an expendable graphite die, 
cooling and solidification are accom- 
plished by the rapid extraction of 
heat through the die wall into a care 
fully fitted water jacket of high heat 
extraction capacity. Casting flaws 
are prevented because: (a) The bath 
acts as a permanent large riser and 
prevents shrinkage, (b) any dirt or 
dross floats on top of the bath and 
cannot reach the solidifying section, 
ind (c) as freezing occurs, any gases 

olved have an ideal escape 
from a shallow freezing zone 


route 


(4) Casting speed is controlled by 
rolls fitted to the product and mounted 
on a variable speed drive about five 


feet below the dic 


(5) Lengths are cut as ordered on 
the next lower level by a traveling 
cutoff clamped to the casting. 


(6) After lengths are severed, 
samples are analyzed and tested for 
compliance with specifications. 


(7) Products intended for machin- 
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Fig. 3—Cross-sectional view of a continuous casting furnace. Continuous cast rod is drawn through the graphite die at lower left. 


Fig. 4—Some typical graphite dies. The two at the left are rod dies; second from right 
is a tube die showing metal entry ports and at far right a multiple-hole rod die. 


ing “as cast’’ are straightened and 
are then ready to ship. 

The use of high density graphite 
for dies Fig. 4 has proved very suc- 
cessful. Since the graphite is readily 
machined to close tolerances, an ex- 
cellent conductor of heat, self-lubri- 
cating, capable of taking a high polish, 
resistant to thermal shock, and rea- 
sonably economical, it has contributed 
substantially to the broad flexibility 
of the overall operation. Sizes can be 
produced as required to satisfy cus- 
tomers’ specific needs, and small 
quantity orders are practical. 


The simplest die is that for single 
rod production. Solidification takes 
place in a central portion of the die, 
and it is frequently necessary to use 
compound tapers both above and be- 
low the freezing zone: “Above’’ to 
compensate for the expansion of the 
“hot top” portion of the die, and 
“below” to follow the shrinkage of 
the solid product. 

For the production of tubing, rod 
dies Fig. 5 are suitably equipped with 
accurately placed and rigid tapered 
mandrels. Molten metal flows through 
transfer holes into an annular space 
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and solidification is complete before 
the product clears the bottom of the 
mandrel. 

Die wear is evidenced by a gradual 
roughening of the outer surface of 
the product. Such roughening is shal- 
low, and after the straightening pro- 
cedure (which incorporates a moderate 
overall burnish) has no significant in- 
fluence on product dimension. 

Small nd are produced from multi- 
ple hole dies (Fig. 4), and shapes 
from dies cut on special machine tools. 
Fig. 6 shows the variety of shapes that 
can be obtained. 


Dimensional Control 


Outside dimensional control is rela- 
tively simple. Reference to the tol- 
erances in Table III will show basic 
equivalence with dimensional limits 
for refractory brass mill products. 
Variations to be considered in pro- 
duction have resulted from shrinkage 
factors, and the tendency of alloys 
high in tin and lead to sweat. 

Inside diameter control is some- 
what less exact since it is necessary to 
cast around a tapered mandrel, and 
it is not practical to control the freez- 
ing level exactly. 

Concentricity of tubular products is 
dependent primarily on accuracy in 
the machining and assembly of dies, 
and is superior to that attained by any 
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other method for producing tubes in 
mill lengths. 

Inside surfaces, being protected 
during cooking by a stationary column 
of hot gas, are excellent—being mar- 
red only by superficial oxidation and 
by sweats in the case of high lead-tin 
alloy compositions. 


Fields of Application 


There are three basic fields into 
which continuous cast products have 
been directed—to brass mills as al- 
ternates for other type castings, to con- 
sumers for maintenance and repair 
and to manufacturers of original 
equipment. 

The soundness, cleanliness and uni- 
formity of continuous cast bronzes 
make them attractive to brass mills 
as base billets. Higher quality end 
products are attainable and worka- 
bility is superior to other castings. Re- 
fractory phosphor bronzes are espe- 
cially adaptable to this process and 
high quality stock is obtained 

For maintenance and repair pur- 
poses and for small to moderate pro 
duction runs, continuous cast bronzes 
have an additional advantage of being 
available in any length desired, in 
stead of only the conventional 12 to 
13 in. stock length. This can net 
considerable savings of material. For 
instance, if material is required for 


eight 5 in. long bearings, four 13 in 
bars or 52 in. of standard stock would 
be needed; 41 in. of continuous cast 
bronze could be bought to fill the 
order. This would net a savings in 
length alone of 11 in. or 21 percent 

The use of continuous cast bronzes 
for manufacture of screw machine 
products is predicted on their good 
machinability, uniformity of structure, 
good mechanical properties and the 
availability of custom sizes and alloys. 
A tried exampl« of their serviceability 
has been as gear train pinions in water 
meters. After seven years experience 
and service, no problems in soundness, 
mechanical properties or machinability 
have developed 

It is expected that further develop- 
ment in the production of cast-to-size 
bronze parts will result in an expan- 


sion in scope of the continuous cast- 


ing process to other shapes, sizes and 


some additional alloys 
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Table III—Alloys, Sizes and Tolerances 








Size Range 


Available Alloys 
Commercially available within the following alloy limitations: 


Sa 12 percent max 
Pb 22 percent max 

Zn 13 percent max 

Ni 3 1/2 percent max 
Cu Balance 


Fig. 5S—Tube die cross-section shows the upward taper on 
the die wall and the downward taper on the mandrel. 


Rods: 7/16 in. min to 5 1/8 in. max 
Tubes: O.D.: 1 in. min to 5 1/8 in. max 
LD.: 15/32 in. min 
Walls: O.D.: to 2 1/8 in. 3/16 in. min 
Over 2 1/8 in. to 3 1/2 in. 1/4 in, min 
Over 3 1/2 in. 10 percent of O.D. min 


Shapes: Must be basically symmetrical; must be completely 
encompassed by 5 1/8 in. circle 


Lengths 
All 1 in. 12 ft standard 

5 to 12 ft on request 

Over 12 to 20 ft and under 5 ft on 


special arrangement. 


83Cu-7Sn-7Pb-3Zn 
105 in. 
Other on special arrangement. 


Stock bronze: SAE-660 


Tolerances 
O.D.: Red and tube, + 0.004 to + 0.006 in. 
LD.: Will clean with 1/64 in. cut 
Concentricity: 1 1/2 percent of wall thickness 
Straightness: 1/4 in. max are depth in 5 ft length 


Recommended Clean-Up Allowances 

In a majority of instances, plus 1/32 in. on the outside and 
minus 1/32 in. on the inside diameters have proven adequate. 
For machining of long and or large diameter parts, 1/16 in. on 
outside casting diameters is sometimes preferable. 


Fig. 6—Some of the shapes now available in continuous cast copper 
alloys. The part in the foreground is a zinc die casting within a 
continuous cast bronze shape. The gear teeth were machined, 
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A Simple Method of 
Planetary Gear 


Ratios in 


SIGMUND RAPPAPORT 


Ford Instrument Company® 


THE COMMONLY USED METHOD of finding the ratio of input 
to output of a agency gear train usually calls for pnts 
able faith on the part of the analyst. A data table is devel- 
oped by subjecting the train to a predetermined series of 
lockings, unlockings and rotations; then the velocity ratio 
is found in a specified column and row of the table. Little, 
if any qualitative understanding of the system is gained 
in the process. 

In the method described below, called the ‘Method 
of Equal Arcs,” the ratio is derived mathematically and 
the motion of any element in the train can be followed 
with respect to the other elements. Thus, the modifications 
required to produce a given effect is often obvious whereas 
the previous method may require many blind trial and error 
substitutions. 

Four examples are given to illustrate the application of 
this new technique to both simple and compound gear trains. 
In all cases, however, the basic theory is the same. For 
example, Fig. 1 shows a simple planetary train in which 
the ring gear is fixed. The center gear and planet arin are 
movable; either can be driving or driven without affecting 
the analysis. 

For the conditions shown, two points on the planet gear 
are in mesh; B, mates with B, which is on the ring gear, 
and A, with A, which is a point on the center gear. 

Rotating the center gear through an arbitrary angle a, 
causes the planet arm to follow through some angle 8, which 
must be evaluated. As a result of this rotation, the center 


* Divteion of the Sperry Corporation 
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of the planet gear is at O’, and points C and D are the new 
meshing points with the ring and center gears respectively. 
A’, and B,’ are the new locations of the original points of 
contact. 

Since the relative motion between the ring and planet 
gears is entirely a result of tooth action 


arc B,’C = arc B,C (1) 
Also, arc A,’D = are DA,’ (2) 


A,’ is the new location of point A, when the center gear is 
rotated as described above. 
Furthermore, it can be seen from the geometry that 
angle B,'0,C = angle DO,A,’ = y (3) 
Thus, 
arc B,C = are B,'C = arc DA,’ = arc DA,’ 
Let 


a = pitch circle radius of the center gear 
b = pitch circle radius of the planet gear 
¢ = pitch circle radius of the ring gear, 
a, 8 = angular displacement of center gear and planet arm, 
respectively. 


It follows from Eq (4) that 
bc = yb =(a— Ba (5) 

Eq (5) is the general equation for the planetary gear 
train of Fig. 1. As indicated previously, it can be used to 
solve either of the two types of practical problems that 
exist: (1) finding the planet arm displacement 8 when the 
center gear is the input, its displacement a being given; or 
(2) finding the center gear displacement a when the planet 
arm is the input, its displacement B being given. 
1 


For type (1), dan er” 


(6) 
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Determining 


Trains 


and for (2) a= (1+) (7) 
The velocity ratio of input to output will, of course, be 
either a/B or B/a, depending on which element is the input. 


CASE II—FIXED CENTER GEAR 
In Fig. 2, the ring gear is rotated through the arbitrary 
angle a, since the center gear is stationary. This carries point 
B, to B,’ and the planet gear arm moves through some 
angle 8. As before 
arc 4,D = arc A,'D = arc B,'C = arc CB’, (8) 
Therefore, 
Ba = yb = (a— Ae (9) 
For a ring gear input of a, the planet arm output from 
Eq (9) is 
1 
aan T+a/e 
Similarly, for a planet arm input of B 
a= B(1 + a/c) 
Also, solving Eqs (9) and (10) simultaneously 


a ¢ 
mes (<) 


This ratio y/a is equal to the number of revolutions of the 
planet gear about its own shaft, per revolution of the ring 
gear. 


(10) 


(11) 


(12) 


CASE III—COMPOUND PLANETARY TRAINS 
In Fig. 3 the ring gear is fixed; the center gear is rotated 
through the arbitrary angle a which moves point A, to the 
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position A’,; the planet arm follows through angle £. 
Then, adjacent arcs being equal in length, 


arc B,C = arc B,’C and 
arc 4,’D = arc DA’, 


(13a) 
(13b) 


Also: 
Bc = yb, and (14a) 
The velocity ratios can be obtained by solving Eqs (14a) 
and (14b) simultaneously. For example, if the center gear 
has a given input equal to a, the output of the train is 


1 
Beal ., cd 
(G3) 


Similarly, if the arm is the input, 8 being known, then 


«~a(1+ 3) 


The velocity ratio a/B or B/a can be developed from 
either of the latter two equations. 


CASE IV 

This compound train differs from that of the previous 
example in that the larger planet now engages the outer 
ring gear which is fixed, and the center gear is replaced 
by an inner ring gear with internal teeth to mesh with the 
small planet. 

Rotating the planet arm so that point O moved to O, 
carries point A on the inner ring gear to some point A’ 
while the larger planet rolls up on the outer, fixed ring 
gear. From Fig. 4, 


arc B,C = arc B,’C and 
arc DA,’ = arc DA’ 


(15) 


(16) 


(78) 


Therefore, 


Be = yd and (18a) 
yb = (B —a)a (18b) 


From Eqs (18) the velocity ratio can be determined as 


(19) 


The four preceding examples illustrate the pee les, 
but should not be interpeted as the only types of problems 
that can be solved. The “Method of Equal Arcs” can be 
applied to any epicyclic gear train. 
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Typical Industrial Uses of 


Industrial heating applications can be divided into four categories: contact; 


immersion; radiant; and air. For these purposes a wide variety of types 
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Fig. 1—Indirect immersion heating 
with tubular type unit located in a 
transfer medium. Useful for adhesives 
or other materials that are easily dam- 
aged by overheating. 





Thermostot 
bulb 
































mmersion heoter 

Fig. 2—Direct immersion heating with 
portable tubular heaters. Can be used 
for molten salt, oil tempering baths, 
melting lead, solder, babbitt and 
stereo-type metal (not zinc). 
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Fig. 3—Direct immersion heating with 
permanently mounted tubular heater. 
As with Figs. 1 and 2 when operating 
temperature is high, heaters with low 
watt densities must be used. 
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Fig. 6—Moving platens and dies can 


be heated with strip heaters (above) 
or with cartridge type units (below). 
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Fig. 7—Ring units are commonly used 
in thin-walled tanks or containers as 
shown in the sketch above. 
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Fig. 8—Strip heaters curved to cor- 
form with tank or pipe. Inside radii 
can be as small as 1 3/16 inch. 
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Fig. 11—Ring type heaters can also be 
used as shown above in parts such as 
platens, dies and molds. See Fig. 6 also. 


Strip heoters 


Fig. 12—Strip heaters and thermostat 
are mounted in sheet metal casing to 
prevent valves from freezing. 
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Fig. 13—Radiant heaters for degreas- 
ing or paint baking oven. Grease is 
vaporized for easy removal. 
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Electric Heating Elements 


and sizes of units have been developed. These sketches, which illustrate typ- 
ical applications of each, were supplied by the Edwin L. Wiegand Company. 
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Fig. 4—Strip heater used on machine parts in Fig. 5—Six thermostatically controlled cubular heaters are used in 
motion such as revolving rolls. One or more conjunction with the cartridge units as shown to provide flexibly con- 
units can be placed within the roll, connected trolled zones of heat. Each set of cartridge units is separately con- 
to commutator rings. Brushes wired to power trolled. Thus, heat is regulated closely and temperatures can be dupli- 
supply contact the commutator rings. : cated. 
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Fig. 9 — Immersion heater Fig. 10—Two types of heaters for forced air duct installations. Tubular type (B) is 
screwed into standard tee fitting recommended for higher temperature uses than finned-units in (A). Operating tem- 
for heating liquids or steam. peratures can be over 1,000 F with air velocities greater than about 6 ft per second. 
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Fig. 14—Long, low wattage strip heat- Fig. 15—Radiant type heaters mounted above conveyor belt can be used for 
ers are strapped to pipe carrying vis- drying materials or parts. Wherever possible, radiant units should be staggered 
cous materials like tar or asphalt. and reflectors placed opposite the heaters to distribute the heat evenly. 
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FEATURES OF THE RELAY 


AMPLIFIER 


ontactor Amplifiers for 


The demand for compact and reliable control equipment, and the 


improvement of nonlinear techniques have resulted in increased use 


of relay amplifiers in both on-off and proportional control systems. 


SIDNEY DAVIS 


Research Group 
Arma Corporation 


ABOUT TEN to fifteen years ago relays 
were frequently used as amplifiers in 
automatic control systems, and their 
simplicity and compactness seemed to 
assure them a promising future. Then 
followed the fm of the com- 
prehensive mathematical theory of 
automatic control. Designers found 
it easier to apply this theory to lin- 
eat of proportional control systems 
rather than to the relatively unpre- 
dictable on-off type of control. Ironi- 
cally, although the basic design proce- 
dure for the proportional control 
system is simpler than for the on-off 
systems, the end product is often more 
complicated and its performance not 
as good. 

The development of better mathe- 
matical techniques for handling non- 
linear system equations, and demands 
for light, reliable miniature equipment 
by the military, have redirected the 
designers attention to the relay ampli- 
fier. Also, the needs of the new digi- 
tal computer industry have helped in 
stimulating the development of faster 
and more reliable relays which are 
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adaptable to many phases of automatic 
control applications. 

Because relays make possible a high 
ratio of controlled power to signal 
power, and have high rapidity of 
response, unusual flexibility, and long 
life, they are an almost ideal power 
amplifier. 

Although a relay has the objection- 
able feature of inherent disconti- 
nuity in the output versus input charac- 
teristic, this objection can often be 
minimized or even eliminated by 
proper circuit and relay design. Also, 
the large number of relatively inex- 
pensive commercially available types 
of relays is sufficient to satisfy a wide 
range of requirements. 


Automatic Control Systems 


Although the specific equipment 
employed in automatic control proc- 
esses can take an unlimited variety of 
forms, most systems can be represented 
by the simplified schematic of Fig. 1. 
The reference variable, R, is compared 
with a controlled variable, C, and the 
difference, E, is amplified and applied 
as a correction to C. Thus C is main- 
tained in a one-to-one correspondence 
with R. Usually C is at a higher power 
level than R, an amplifying device 


included in the block G supplying the 
necessary energy. The variables can 
be passed through transducers for 
conversion to a convenient form for 
comparison and amplification. 

An integral part of all automatic 
control (or feedback) systems is the 
element of amplification which oper- 
ates on the difference between R and 
C and directs its high energy output 
toward correcting the deviation. In 
electrical systems, amplifiers are pri- 
marily vacuum tubes, gas tubes, satu- 
rable reactors, rotating machines, con- 
tactor devices or relays, and recently 
transistors. This article concerns itself 
with the contractor amplifier devices. 


Fig. 2— Remote positioning servo- 
mechanism based on the use of syn- 
chros and a conventional linear power 
amplifier. The error signal, E, is pro- 
portional to the difference between 
position of the reference (generator 
shaft) and controlled output shaft. 


Fig. 3 — One possible on-off relay am- 
plifier circuit which can be substi- 
tuted for the power amplifier shown 
in Fig. 2. Since the error signal is 
a-c; ‘the direction of the error is in- 
dicated by phase. The phase sensitive 
detector couverts the error into d-c, 
with the error direction being indi- 
cated by the signal polarity. The 
polarized relay is .ctuated in accord- 
ance with the sign and inagnitude of 
the converted error signal. 
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Automatic Control 


Contactor Amplifiers 


Although the variety of physical 
configurations which may be taken by 
a contractor amplifier are unlimited, 
the operating features are governed by 
a few basic principles. 

There are two different modes of 
operation. In the simpler mode, the 
relay closes when the error in the feed- 
back process exceeds a certain value. 
The output, which is controlled by the 
energized contacts, acts to reduce the 
error and exerts a constant restoring 
force with the algebraic sign depend- 
ing on the error polarity. 

In the other operational mode, the 


Hofor — 


relay plus and minus contacts are en- 
ergized equally in turn by an injected 
alternating voltage applied to the con- 
trol coil. The frequency of alternation 
is chosen sufficiently high so that the 
inertia of the output member keeps 
this member from responding to the 
impulses. When an additional slowly 
varying direct error voltage is applied 
to the actuating coil of the relay, the 
contacts having polarity corresponding 
to the error polarity will remain closed 
a larger percentage of the time than 
will the opposite contacts. The time 
difference is roughly proportional to 
the magnitude of the error signal. An 
average output voltage, amplified and 


Control transforrner 


varying with the error signal, will 
then act upon the output member. This 
type of operation gives essentially pro 
portional control, similar to that of a 
conventional vacuum tube amplifier. 


On-Off Control 


A simple remote positioning servo- 
mechanism using an on-off relay is a 
typical application of the first mode 
of operation; although the perform- 
ance specifications may be tighter than 
average. A similar line of reasoning 
may be extended to other feedback 
systems in this category. 

An elementary linear positioning 








~ col, 


Low forque 


| ® @pplied 


‘(Rernote form 
Power irre 


wnput shat 


retererice 
(R is inserted 


signal in 
electrical 
forrn) 


m~ 





Actuaning 























Phase- } 
sensitive | 
etector | 








High torque 
output shat 
(20sttion C) 

















foorr ? 

cortfro/ transformer 
output wind: ng 
Fig.5 


Polarized Relay Goub/e-pole 
Aouble-throw, nreutro/ center 














Oufout shaft 





Product Engineering — March, 1953 

















Fig.4 


Comtact gap 
Madjustment screws 


Bias Ing 


7 





ee 
cee 














“4 




















| Gn. te eye a 





Signal coil-- 


Fig. 4 


servo is shown in Fig. 2. Symbols are 
the as in Fig. 1 to show the 
equivalence of the specific case to the 
generalized block diagram. The volt- 
age from the output winding of the 
control transformer is directly propor- 
tional to the difference between the 
input and output shaft positions. The 
amplified error voltage is applied to 
the control winding of a two-phase 
servo motor, which acts to turn the 
output shaft into correspondence with 
the input shaft. Usually a stabilizing 
network (not shown) is inserted just 
before the motor amplifier to prevent 
hunting. The amplifier must be cap- 
able of supplying rated field power. 
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Neutral center polarized relay. With no coil excitation the bal- 
anced armature is in the neutral position. Fluxes from the permanent 
magnets are symmetrical and the net force on the armature is zero. Appli- 
cation of a d-c signal of arbitrary polarity will cause an unbalance in the 
fluxes acting on the lower half of the armature. The flux on the left hand 
side of the armature will be increased, while the flux on the right hand 
side will be decreased. The lower half of the armature will be pulled to 
the left and the right hand contact will close. Reversing the signal voltage 
polarity will close the left hand contact in similar but opposite manner. 
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In Fig. 3 is shown one possible 
on-off relay circuit which can be sub- 
stituted for the power amplifier. Since 
appreciable power cannot be drawn 
from the control transformer, a low 
power preamplifier is usually inserted 
in the loop. This preamplifier need 
only supply the actuating power for 
the relay; a small percentage of the 
required motor power. Its voltage gain 
should be sufficient to give the re- 
quired accuracy in control transformer 
positioning. Low level preamplifiers 
are not particularly objectionable, since 
they are far more reliable than their 
high level counterparts. 

The preamplifier is followed by a 
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Fig. 5—Relationship between relay output and error, 
showing the affect of hysteresis or relay stickiness. If 
the output member drifts from its null position in the 
positive direction, relay action will follow the dotted 
arrows and not pull in until the error reaches a value 
of C,. Full power will be applied to the output mem- 
ber over the interval C,— C», since the relay will not 
release until C, is reached. The output member must 
stop before a negative value of Ca. is reached. 


phase-sensitive detector which converts 
the a-c error voltage to a proportional 
d-c signal whose polarity depends on 
the phase of the error signal. The d- 
voltage is applied to the actuating coil 
of a polarized double-pole double 
throw relay, Fig. 4. The contacts are 
connected as a reversing switch so that 
the phase of the alternating voltage 
applied to the motor control field will 
depend on the d-c polarity, and ulti- 
mately on the phase of the control 
transformer error signal. When the 
control transformer error is within a 
specified limit, the relay contacts will 
be deenergized. 

In practical cases many variations 
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of this system can be used. A pair of 
unpolarized relays preceded by suitable 
rectifier circuits can be substituted for 
the polarized relay. With a pair of 
properly driven a-c relays the phase- 
sensitive detector is not required. The 
entire system can be operated on d-c, 
with potentiometers substituted for the 
synchros and a d-c preamplifier incor- 
porated. Relays can be used in series 
for greater power amplification. The 
dynamic relations and stability criteria 
are the same for these cases and may 
be extended to a large variety of on-off 
systems different from this positional 
servo example. 

The nature of the corrective action 
applied by the motor is a function of 
the amplifier characteristics. In the 
linear case of Fig. 2, a displacement 
of the output shaft from its align- 
ment with the input results in a re- 
storing torque which is proportional 
to the displacement; within a restricted 
linear region. The torque acts to re- 
store equality between C and R, and 
is effective until its value falls below 
the coulomb or static friction compo- 
nent exerted on the output shaft. A 
static error may appear in such a sys- 
tem, equal to the maximum torque 
of coulomb friction divided by the 
torque gradient of the servo loop. 

In the relay amplifier, a dead space 
appears. The width of this space de- 
pends inversely on relay sensitivity and 
the gain of the preamplifier and phase- 
sensitive detector; but is independent 
of shaft friction. 

The affect of this relay hysteresis 
or stickiness is shown in Fig. 5. If 
the control transformer shaft slowly 
drifts far enough from its null position 
to trip the relay, restoring torque is 
applied by the motor. In the absence 
of relay hysteresis an infinitesimal 
torque pulse would be sufficient to 
return the output shaft to the dead 
zone, thereby opening the relay con- 
tacts. Actually the relay hysteresis re- 
quires that the restoring torque act 
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over the prolonged period C, — C,, 
and a considerable inertial energy may 
be imparted to the output shaft during 
this interval. Unless there is a sufh- 
cient amount of damping, the output 
member will coast until the error ex- 
ceeds the dead zone limit in the other 
direction. The relay would then be 
tripped with the opposite polarity and 
the cycle repeated. Severe oscillations 
frequently occur, appreciable relay 
hysteresis being a major cause of servo 
instability. 

The question of stability may be the 
determining factor in the choice of a 
relay amplifier for high accuracy appli- 
cations. Sufficient damping or fric 
tional torques applied in the interval 
C, + C, may overcome the tendency 
to oscillate by dissipating the inertial 
energy accumulated during the appli- 
cation of motor torque. Since dead 
space and servo error are equivalent, 
damping must be inversely propor- 
tional to allowable error. For small 
errors, impractical damping require- 
ments may make it difficult or impos- 
sible to obtain stable operation. In 
addition, excessive externally applied 
damping friction wastes power and 
reduces the system operating speed 
However, a small amount of coulomb 
friction has been found useful in 
stabilizing low-power high-precision 
servos. 

Recent investigations have shown 
that damping techniques which are 
successfully applied in conventional 
linear servos generally work for the 
medium accuracy nonlinear servo. 
Thus, lead networks, mechanical 
daropers, and viscous drag may all be 
carried over to the relay servo. This 
implies that the usual standards of 
quality in servo componefts apply. 

A more detailed insight into the 
properties of the relay as an amplifier 
may be obtained by applying the fre- 
quency response methods developed 
by Nyquist, Table I. 
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Table I 
Nyquist’s Criterion 


Nyquist’s criterion permits sys- 
tem stability (freedom from self- 
oscillation) to be predicted in ad- 
vance, and indicates measures re- 
quired for improving stability. To 
use this criterion a polar coordinate 
plot must be constructed of a com- 
plex ratio as a function of input 
frequency, Fig. 9. The complex 
ratio is the ratio of the fed-back 
signal to the sinusoidally varying 
error in a closed loop system. 

If the locus of this complex ratio 
encircles the minus one point, as the 
frequency varies from zero to in- 
finity, the system will be unstable. 
This polar plot may be determined 
analytically, or experimentally by 
opening the feedback loop and ap- 
plying a sinusoidal error of variable 
frequency. 

In the opposite sense, if the 
minus one point is not encircled by 
the locus, the system will be stable. 

The logic of this criterion can 
be derived by considering the ef- 
fects of saturation. As the error is 
increased in amplitude, finally the 
fed-back output voltage will level 
off because of amplifier saturation. 
increases in error will 
cause inappreciable increases in 
output, and the output to error 
ratio will decrease. This will con- 
tract the radii of the Nyquist locus. 


Further 


Eventually a locus which has en- 
circled minus one will cross di- 
rectly through that point. Thus the 
fed-back signal is equal in magni- 
tude to the input signal, and when 
fed back negatively, as in Fig. 1, 
will have the same phase. Then 
closing the loop will eliminate the 
need for the input signal, and self- 
oscillation will occur at the fre- 
quency and amplitude correspond- 
ing to the intersection of the func- 
tion with the minus one point. 





Fig. 6—(A) Output of relay amplifier following a sinu- 
soidally varying error current. As an approximation, 
only the fundamental component of the output wave 
will be considered in applying Nyquist’s criterion. (B) 
Relay output for large input current signal, The dif- 
ference between the relay tripping current and releasing 
current causes a phase shift, wy, between the sinusoidal 
input wave and the square output wave. (() Small input 
current causes a larger phase shift than in (B). Thus 
the relay amplifier has a gain and phase angle with 
respect to a sinusoidal error which varies with the error 
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Fig. 7 — Curves show relationship of gain and 
phase lag to the magnitude of the error signal. 
Gain rises to a peak and then decreases shortly 
beyond relay minimum tripping current since 
relay Output is constant once contacts are 
closed. Phase-lag may approach 45 deg for 
small signals, but decreases as signals increase 


as shown in Fig. 6, 
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Fig. 8—(A) Open loop transfer 
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function of a stable feedback system 


for sinusoidal error signal of variable frequency. Complex ratio is the 
ratio of fed-back voltage to error voltage. (B) Transfer function for 
a feedback system with relay amplifier. The variation of amplifier 
phase and gain with error amplitude results in a family of transfer 
loci, each corresponding to a different amplitude of error. The curves. 
indicate that stability can be obtained by increasing the error ampli- 


tude required to actuate the relay, i.e,, reducing the system gain. 


Fig. $ — Basic feedback system using a relay as a pro- 


portional amplifier. The 


inertia of the output member 


does not permit it to follow the high frequency of the 
injected signal. It will, however, react to a slower vary- 


ing error signal which is superimposed on the signal 


obtained from the external oscillator. 
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Fig. 10 — Two single-pole, douple-throw relays cou- 
nected as a proportional amplifier. This system is more 
Fig. 9. Power output is 
obtained only when the oscillator contacts are not ex- 
actly synchronized. An injected error signa! will yield 
pulses of output energy, with pulse 
width proportional to the magnitude of the error signal. 
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error signal is applied which is large 
enough to trip the relay for some por- 
tion of each ha-f cycle. If the transit 
time of the armature is neglected, the 
output will be a square wave, Fig. 6 
(A). Only the fundamental com- 
ponent of the output is considered. 
Because of relay hysteresis, a phase 
shift or time delay is introduced be- 
tween the fundamental frequency out- 
put and input waves. In Figs. 6 (B) 
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and (C) are shown the output waves 
for very large and very small errors 
respectively, and the corresponding 
fundamental components. In the case 
of lacge error, the high:rate of in- 
crease and decrease of the error signal 
cause the phase shift to be small even 
though relay hysteresis causes a current 
differential between the tripping and 
release points. With a chee nF the 
slow rate of signal increase and de- 





crease magnifies the affect of hysteresis 
and causes a large phase shift. 

Thus the relay amplifier has a gain 
and phase angle, Fig. 7, with respect 
to a sinusoidal error, whic varies with 
the error amplitude but which is inde- 
pendent of frequency. 

The application of Nyquist’s criter- 
ion can now be derived. In place of 
the usual frequency response charac- 
teristic or transfer function, a family 
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of characteristics is required, each cor- 
responding to a different amplitude of 
error signal. That is, the single curve 
of the conventional linear system must 
be replaced by a family of curves be- 
cause of the variation of complex gain 
with amplitude. 

In the linear case the servo will be 
stable if the curve, Fig. 8 (A), does 
not encircle the Nyquist point. In the 
nonlinear case, if any curve, Fig. 8 
(B), passes through the Nyquist point, 
the servo will oscillate at the corre- 
sponding frequency and amplitude. 
The servo designer should apply the 
usual techniques for shaping transfer 
characteristics to the limiting curves of 
the family to prevent encirclement of 
the Nyquist point, thereby insuring 
stability. 

For the highest accuracy, stability 
may be difficult to achieve using strictly 
linear elements. For this purpose a 
variety of nonlinear techniques have 
been devised. One example is the use 
of coulomb friction damping. A prac- 
tical design procedure might consist of 
getting the best possible performance 
using only conventional linear damp- 
ing methods, then improving the 
quality by the introduction of nonline- 
arities. 

Some compact systems have been 
built in which the relay dead space 
was eliminated so that no stable equi- 
librium position existed. This causes 
continuous servo oscillation of high 
frequency but sufficiently small ampli- 
tude so as not to impair accuracy. This 
arrangement is used in regulators and 
similar systems. In large systems, the 
high frequency oscillations cause exces- 
sive wear in gearing, relay contacts, 
and other components. 

When a positional servo of the on- 
off type is continuously varying its 
heading, the output will not have the 
smooth characteristic of a proportional 
servo. Instead it will move in a series 
of discontinuous steps, of the order of 
magnitude of the relay dead space. 
While the lack of smoothness in itself 
may not introduce excessive error, 
such irregular following may be 
unsuitable for some applications, par- 
ticularly where a human operator is 
employed in conjunction with the 
servomechanism. In this case, relays 
may be operated in the alternate mode 
mentioned previously, in which ap- 
proximately proportional! control is ob- 
tained. 


Proportional Control 


A relay with continually vibrating 
contacts can operate as a nearly linear 
amplifier. In Fig. 9 is shown one way 
in which the basic feedback loop of 
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Fig. 1 can be modified to accomplish 
this. 

Assume zero error. An injected al- 
ternating signal, of relatively high fre- 
quency oy to the natural fre- 
quency of the system, will cause the 
relay to chatter, alternately applying 
positive and negative corrections of 
equal magnitude to the output mem- 
ber. The output response will be a 
slight vibration at relay chatter fre- 
quency. 

When an error signal is applied to 
the system, the positive and negative 
alternations of relay output will no 
longer be of equal magnitude. A small 
positive error will cause the positive 
relay contact to remain energized dur- 
ing a larger portion of the cycle than 
the negative contact. Averaging over 


many cycles, a net positive energy will 
be applied to the output driving de- 
vice to correct the error. Similar rea- 
soning applies to the case of a negative 
error. 

Proportional control is obtained for 
error signals having a smaller ampli- 
tude than the carrier. For large errors, 
the relay remains continuously ener- 
gized with the proper polarity and 
chattering ceases. This permits rapid 
slewing when large shifts in the vari- 
able settings are required. Since maxi- 
mum correction is applied when the 
error signal equals the injected oscil- 
lating voltage, and since this maximum 
correction is constant, reducing the in- 
jected voltage will increase the sensi- 
tivity of the system to error, or equally, 
will increase system gain. This is a 





Table II—Typical Specifications of 
Relays Suitable for Automatic Control Applications 





Sigma 


Type 7JOX 


Manufacturers 
Specification 


Western Electric 
mercury contact 


Electric Regulator 
Corp. 


Type 276D standard Regohm 





Single-pole, double- 
throw, neutral center, 
polarized 


Relay type 


0.001 to 0.007 sec 


Response speed 


Power rating 2 amps, 24 volts d-c, 
of contacts* or 115 volts a-c for re 
sistive load, 100,000 
operations 


A pproximate 1 milliwatt 
control power 
to energize 
contacts 
Operating 85 C max. internal 
temperature temperature, 1.5 warts 
range dissipation in coil is 
equivalent to 40 C rise. 
operates at —60C 


Environmental | Hermetically sealed 
characteristics 


Double-pole, double- 
throw, no neutral po- rized, 10 contacts oper- 
sition, polarized 


0.003 to 0.005 sec, can 
follow 

100 cps 
250 volts by 5 amps 
resistive 
million operations 


4 milliwatts 


From —37 
ing point of mercury 
to a max. of i70 F in 
ternal 
rise is 35 F 
above ambient 


Hermetically sealed 


Multiple fingers, pola- 


ating in sequence as d-c 
signal is applied, avail- 
able normally open or 
normally closed. 

Can follow signals up 
signals up to} to 400 cps 


12 watts per contact, 
1,000} 10 million operations, 
higher power contacts 
available. 


load, 


With about 1 wart of 
d-c bias it can be con- 
trolled by variations of 
less than 10 milliwatts. 





8 F Unit is compensated to 
operate over a wide 


temperature range. 


freez 


temperature; 
per watt 


Available hermetically 
sealed 


Weight 


Special 
features** 





7% oz 


Ideal for control appli 
cations, rugged and 
balanced for operation 
under severe condi- 
tions as in aircraft. 





4 oz 


Relay axis must be 
maintained within 30 
deg. of vertical because 
of mercury reservoi! 





6 OZ 

Available with 20 con 
tacts also; includes a 
spring plus dash pot 
coupled to the moving 
armature for stabiliza- 
tion purposes 








* Contacts must be derated for control of highly reactive loads. Operation below rating 
can result in increased life. Where required special contact materials are generally 
available. It is assumed that suitable spark suppression circuits are used. 


** These relays are all of the plug-in type, permitting easy servicing and replacement 
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Fig. 11—Schematic of Regohm relay. The application of a d-c signal causes the arma- 
ture to pivot. The contacts C; to Cio open sequentially, gradually inserting resistance 
in series with the load circuit. Models are available in which a signal will close the 
contacts, thereby cutting out resistance. The dashpot and springs give high sensitivity 
to signal current fluctuations about some critical value. This enables accurate regulation 
of an electrical quantity, and gives simple stabilizing means for closed loop systems. In 
normal operation, the armature will oscillate between two adjacent contacts, yielding 
an average value of load circuit resistance with a minimum of stepping action. 


convenient method for varying gain. 
The injected voltage must always be 
sufficient to operate the relay in the 
absence of error. 

There are many circuits for obtain- 
ing proportional control without re- 
quiring an external oscillator. These 
are based on feeding some of the relay 
output energy back to its control coil. 
Oscillations will be set up similar to 
those frequently occurring in high gain 
feedback amplifiers, causing the relay 
to chatter. This technique is not as 
flexible as the previous one, but a 
separate oscillator is avoided 

Both of these methods for obtaining 
proportional control waste power, 
cause heating in the output member, 
and place a heavy burden on the relay 
contacts. This follows from the mode 
of operation, which yields a useful 
output as the difference between two 
large balancing outputs. The inher- 
ent poor efficiency restricts application 
to low power systems. 

A more efficient proportional con- 
trol circuit is shown in Fig. 10. Two 
single-pole, double-throw relays are 
connected so that when the error sig- 
nal is zero, both relays oscillate in 
synchronism. The moving armatures 
touch the upper and lower contacts 
together, and by symmetry no line 
voltage is applied to the load. Thus 
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under zero error conditions the oscil- 
lating contacts do not break any line 
current. 

When an error voltage is generated, 
it adds to the injected oscillator volt- 
age of one relay, and subtracts from 
the injected voltage of the other. This 
unsynchronizes the armatures so that 
for limited portions of the cycle they 
rest on opposing contacts at the same 
time. The voltage applied to the load 
is roughly proportional to error signal 
until maximum output is reached. This 
circuit avoids most of the faults of the 
previous ones. 

A useful proportional control circuit 
based on multi-fingered relays has been 
successfully applied. Relays such as 
the Westinghouse Silverstat or the 
Regohm of the Electric Regulator 
Corp., Fig. 11, are two such devices. 
These have several contacting fingers 
which gradually cut out or insert suc- 
cessive steps of impedance in an elec- 
tric circuit with the application of an 
error signal. This results in a gradual 
application of voltage to a load. 

Since each contact makes or breaks 
only a fraction of the total current, 
long spark free life is obtained even 
with highly inductive loads. In many 
circuits no spark suppression elements 
are necessary. 

Elements such as the Regohm, Table 
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Fig. 12—Detail of contact mounting on 
Carpenter polarized relay Type 5; manu- 
factured by Telephone Manufacturing 
Company Limited, London, England. This 
method reduces contact bounce by me- 
chanical damping. Also, the armature 
comes to rest quickly after contact closure 
and prevents extra detrimental oscillations. 


IT, can control up to 100 watts in less 
than 5 cubic inches. Higher ratings 
are also available. The device is tem- 
perature compensated and can serve as 
a high quality regulator by applying 
error voltage to the control winding. 
The contacts assume an equilibrium 
position, cutting in just enough circuit 
resistance to reduce the error. Where 
the discreet steps of the output do not 
allow an exact balance, control will 
alternate between adjacent contacts 
oscillating at high frequency. The 
average position performs an interpo- 
lation function. The Regohm incorpo- 
rates a spring dashpot arrangement, 
which smooths out the dither in the 
output and inserts lead or anticipation 
in a control loop. This simplifies 
stabilization. The principal disadvan- 
tage of this type of control is the need 
for additional external impedances to 
be connected.across the contacts. 

Other control relays include the 
mercury contact type and a new novel 
semi-conductor type. 

In the mercury contact relay, a res- 
rvoir of mercury and capillary action 
give a continuously renewed protective 
coating on the contacts, resulting in 
clean breaks, high capacity, and long 
life, with no deterioration of the con 
tact metal. The Western Electric mod- 
els 275 and 276 are available as 
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hermetically sealed units. They have 
high speeds of response and good sta- 
bility of operating characteristics. The 
main disadvantage is the necessity for 
operating in a vertical or nearly verti- 
cal position 

The properti°s of semi-conductor re 
lays are such that triggering can be 
caused by the application of very small 
signals. Up to 40 watts have been 
controlled, and it is likely that larger 
sizes will be developed. The freedom 
from arcing, together with the long 
life, ruggedness, compactness and ef- 
ficiency characteristic of semi-conduc- 
tor components, may ultimately cause 
this unit to be favored in comparison 
with conventional relays 

Proportional control permits higher 
accuracy and smoother following than 
the on-off type of control. Relay stick- 
iness does not introduce phase-shift 
problems and conventional stabiliza 
tion methods apply. On the other 
hand, with on-off control the circuit 
current is not interrupted as frequently 
and relay life is increased. Also faster 
response can be obtained. In particu- 
lar the on-off circuit is to be preferred 
in medium or low accuracy systems 
with slowly changing variables. A 
comparison of proportional relay con- 
trol with conventional linear opera- 
tion shows that almost equivalent dy- 
namic performance can be assumed 
Thus the choice depends on such fac- 
tors as economy, life, and compactness. 


Relay Selection 


The major facto luencing relay 
requirements of the 
circuit and load, speed of operation, 
life, and ambient conditions. The na- 
ture of the circuit being controlled will 
dictate the arrangement of contacts 
and the sequence of opening or clos- 
ing. Relay life depends on load and 
ambient conditions. When deviations 
from standard manufacturer-specified 
operating conditions are required, 
joint consultation is advisable. 


choice are the 


Usually, a-c operation does less dam- 
age to the contacts than d-c operation 
because of the latter’s tendency to sus- 
tain an arc. A-c volt-ampere ratings 
may be several times the d-c rating 
for equal life. All specifications of 
life assume that appropriate spark sup- 
pression circuits are used. Contact 
sparking can increase appreciably in 
the rarified atmosphere of high allti- 
tudes, and hermetically sealed units 
should be used under these conditions. 
This construction is also recommended 
when humidity, fungus, corrosive at- 
mospheres, and dust tend to reduce 
operating life. 

The evaluation of load requirements 
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is generally concerned with transient 
rather than steady state circuit voltages 
and currents. The initial inrush cur- 
rent of a cold incandescent bulb or 
the voltage peaks of highly inductive 
circuits can be more significant than 
the normal circuit ratings would indi- 
The mechanical hammering of 
contacts on closing is a wear factor 
which can be as important in some 
applications as the electrical pitting of 
Since the force exerted on 
the relay armature varies as the square 
of the control current, frequent large 
surges in this current should be 
avoided. In d-c circuits, the unidirec- 
tional quality of the current flow often 
results in unequal wear on the positive 
and negative contacts. 


cate. 


contacts 


A convenient feature of the relay 
as a control element is the free choice 
of control winding impedance. Manu- 
facturers usually provide lines of iden- 
tical relays with variations in control 
coil turns. This gives the user a wide 
choice of values. Usually it is possible 
to couple relays directly into circuits 
without isolating or impedance-match- 
ing elements. Thus a relay can be put 
directly into the plate circuit of a d-c 
amplifier, with the quiescent plate cur 
rent serving as a bias. 

Relay inductance is important in 
circuits where speed of response is a 
factor. Since a variable air gap exists 
in a relay, the actual coil reluctance 
depends on armature position. A mo- 
mentary reduction of control current 
takes place during closing because of 
the counter electromotive force gen 
erated by an increasing inductance 
The ratio of maximum to minimum 
inductance can be as high as two or 
more to one. 


In calculating the time constant of a 
control coil it and on the 
conservative side, to take the ratio of 
maximum inductance to effective cir- 
cuit resistance. This time constant is 
an indication of the time required to 
build up exciting current in the con- 
trol winding, and is related to the 
minimum response time of the feed- 
back system. 

The fact that it is control current 
and not applied voltage which pro- 
motes relay operation is important. 
This should be considered when de- 
signing relay circuits, since shunting 
capacitors, series inductors, and reso- 
nant conditions all tend to delay cur 
rent build-up 

In high speed on-off systems, relay 
stickiness is a factor which affects 
choice. Best performance is obtained 
when the hysteresis is under 20 to 
30 percent of the dead space. Un- 
fortunately, relay designs which are 
rugged and have stable characteristics 


is safest, 


also tend to have high hysteresis 

Relay armature transit time ts fre- 
quently appreciable in high speed sys- 
tems. Transit time is greater for small 
applied control signals since the forces 
which accelerate the moving armature 
are reduced. This is the normal op- 
erating condition for feedback systems 
since the relay must respond to small 
error signals 

Another factor which can reduce re 
lay life in high speed on-off systems 
bounce 
tual number of cycles of oper.tion to 
be much higher than is theoretically 
expected. Large magnetic 
erted on the moving armature 
cause bounce unless provision is made 
for dynamic damping. The sudden ap- 
plication of a large control current 
from a high impedance source, such 
as is required for rapid operation, will 
cause bounce since the source imped- 
dance prevents the current reduction 
associated with the closing of a relay 
In Fig. 12 is shown a mechanical 
damping arrangement used on Carpen- 
ter relays for dissipating the kinetic 
energy of the moving armature 
Bounce can also be prevented by the 
use of short circuiting coils which are 
magnetically coupled with the control 
coil. This adds an additional time de- 
lay, but is frequently a satisfactory 
method 

Small sensitive relays are available 
which are capable of following 60 cy- 
cles, 400 cycles, and even higher fre- 
quencies With relays of this type, 
frequencies should not be introduced 
which are close to the mechanical nat- 
ural frequency of the armature, or any 
Erratic operation 
usually results from such a coincidence 


is contac This causes the ac 


forc cs ex 
will 


of its harmonics 
of frequencies. 

For example, a sensitive polarized 
d-c relay may respond to the 400 cycle 
ripple present in the half-wave recti 
fied d-c output obtained from a 400 
cycle signal source. Lower resonant 
frequencies may be introduced by 
mechanical vibrations caused by ma- 
chinery in the vicinity of the relay 
The chatter frequency in proportional 
control selected to 
avoid all resonant conditions 


circuits must be 


In large relay sizes, these high 
speeds are unobtainable However, 
the equipment controlled by the relay 
will respond more slowly and the relay 
response time can usually be neglected 

The variety of useful relay circuits 
is so great, and modifcations in design 
so readily obtainable, :hat many manu- 
facturers will make up relatively inex- 
pensive special relays to suit particular 
applications. In many relays the con- 
tact gap (and thereby sensitivity) or 
damping can be adjusted to meet re- 





quirements. Some relays have remov- 
able contacts to permit a choice of 
circuit connections. Contact materials 
can be chosen to meet loading condi- 
tions. 

Small relays are also available which 
can be actuated by a few microwatts 
of input power. These are often con- 
structed in the form of a conventional 
d-c meter, with a contacting element 
attached to the moving pointer. An 
adjustable stationary contact permits 
relay actuation to occur at any point 
on the full scale of the meter. Such 
devices are usually used in slowly vary- 
ing regulating systems, where the low 
input power level eliminates the need 
for a preamplifier. The output can 
actuate a larger relay of sufficient 
capacity to drive a heavy load. 

Preamplification devices incorporat- 
ing thyratrons, vacuum tubes, mag- 
netic cores, transistors, and rectifier 
circuits permit the use of a large va- 
riety of relay types with a wide range 
of system gain adjustment. 


Arc Suppression 


The arc suppression problem is pe- 
culiar to relay and contactor devices 
and must be considered if maximum 
contact life is to be obtained. Al- 
though contact transients depend on 
the characteristics of the circuit exter- 
nal to the relay, and must be studied 
separately for each application, an ex- 
ample will illustrate the characteristic 
features. 

Three different techniques for sup- 
pressing contact sparking in an induc- 
tively loaded circuit are shown in Fig. 
13. (Spark suppression presents no 
problem with resistive loads.) In (A), 
a series resistance-capacitance network 
is placed across the contact. During 
steady state operation these elements 
have no influence on the circuit. Upon 
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Fig. 13—Three typical spark suppression circuits. In (A) the 
condenser is selected to limit the peak voltage across the contacts 
on opening the circuit, while the resistor is chosen to limit the 
peak discharge current. When required capacitor is bulky, (B) 
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opening the contact, the collapsing flux 
lines around the load inductor tend 
to maintain the decaying current, 
thereby generating a counter voltage. 
This must be added to the supply volt- 
age, yielding a total voltage across the 
unprotected contact which can be many 
times the supply voltage. The un- 
charged capacitor is selected to reduce 
this voltage to a safe value. It acts 
as a cushion across the contacts, ab- 
sorbing much of the circuit energy 
until that energy is dissipated in the 
resistive elements. 

On closing the circuit, the capacitor 
(now charged to full line voltage) 
will discharge through the relay con- 
tacts. Maximum current is limited by 
the resistor to avoid contact welding. 
Thus, the condenser is selected to limit 
the peak voltage on opening the cir- 
cuit, while the resistor is chosen to 
limit the peak discharge current. 

In low impedance circuits, bulky arc 
suppression capacitors would some- 
times be required and the alternate 
circuits of (B) and (C) are suggested. 

In (B) a half-wave selenium recti- 
fier is placed across the load. With 
the contact closed, the rectifier draws 
neglible power from the line because 
of its high inverse resistance. How- 
ever, upon opening the contact, the 
inductive current will flow in the for- 
ward direction of the rectifier thereby 
dissipating the inductive energy. 

The arrangement shown in (C) is 
a recent development in afc suppres- 
sion. Two selenium cells are mounted 
back to back across the inductive load. 
Under steady conditions they draw 
no current from the lines. Under surge 
conditions the voltage which develops 
across the inductance may exceed the 
peak inverse voltage of the noncon- 
ducting rectifier. This rectifier would 
then break down in the reverse direc- 
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tion, limiting the sparking voltage. 
Rectifiers are commercially available 
for this application. 

A properly applied relay should 
have a useful life comparable with that 
of the electrical equipment normally 
found in industrial plants. Many 
thousands of hours of unattended op- 
eration are obtainable with proper care. 
In contrast to vacuum tube or gas tube 
equipment, relay failure can be antici- 
pated by periodic contact examination. 
Blowing out particles of pulverized 
metal, or burnishing a corroded con- 
tact can sometimes extend relay life 
considerably. Because of the :nherent 
economy of a relay, occasional preven 
tive replacement may be warranted. 

The switching action of the thyra- 
tron is analogous to the operation of 
a contactor device. A large variety of 
thyratron circuits can be designed 
which are similar to the contactor cir- 
cuits. In general under 300 or 400 
volts and several hundred watts, the 
relay is favored because of better re- 
liability, lower cost, and simplicity. 
Above these ratings or with rapid 
switching heavy inductive loads, the 
thyratons are preferred. Each case re- 
quires individual treatment, however, 
and contactor servomechanisms have 
been used in the integral horsepower 
range. 


Epiror’s Note: An article covering 
typical amplifier relay circuits for con- 
trol applications will appear in the 
April issue of Product Engineering. 
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or (C) might be used instead. In (B) selenium diode only car- 
ries current during opening of switch and decay of inductive 
current. Rectifier R in (C) breaks down under excessive peak 
voltage and limits voltage across contact to a safe value. 
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OPERATING THE AUTOMATIC CYCLING CONTROL PANEL at Alden Indoor 
Proving Ground of Timken-Detroit Axle Co. 
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Console at left used to set up test 


Electronic “Brain” 
Controls Lab Tests 


AN INDOOR TESTING LABORATORY, 
demonstrated by Timken-Detroit Axle 
Co. at the annual meeting of the SAE 
in Detroit, reproduces actual operating 
conditions found on standard outdoor 
proving grounds. 

Designed and built by the General 
Electric Co., this new driving axle 
testing equipment supplies several im- 
portant performance predictions: 

e The number of load cycles on axle 
housings before failure. 

e The number of stress reversal cycles 
on axle shafts before failure. 

e The number of input pinion cycles 
on differential carrier units before 
failure. 

eThe ouput and efficiency of the 
brake. 

Other potential uses for the equip- 
ment include stress analysis of parts 
under simulated operating conditions, 
measurement of lubricity of various 
lubricating oils, and calculation of vi- 
bration or sound. 

Essentially, the test equipment is 
made up of three basic parts: (1) 
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Input dynamometer having a motoring 
rating of 4550 lb ft from 0 to 400 
rpm and constant horsepower from 
400 to 3,000 rpm; output dynamome- 
ters having an absorption rating of 
22,700 Ib ft from 0 to 50 rpm and 
constant horsepower from 50 to 570 
rpm as well as having an inertia equal 
to 40,000 Ibs of truck weight for a 
46-in wheel dia; (2) 500 hp motor, 
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750 kw generator, (3) electronic au- 
tomatic cycling equipment. The test 
stand is shown schematically below. — 
Perhaps the most novel feature of 
the entire system is the automatic 
cycling equipment, (next page). 
Operation of the equipment is as tol 
Brown strip chart recorders 
d speed of the in- 


lows: 
indicate and recor 
put dynamometer and torque of the 
absorption machines. The tape re 
corder, surrounded by oscillators, am- 
plifier, discriminator, reversing unit 
and power supply, has two separate 
recording channels located side by side 
on the magnetic tape. One track is 
contacted while the tape moves from 
right to left and the other track ts 
contacted when the tape is moving 
from left to right. Automatic change 
of direction at cither end of travel 
repeats the test again and again with 
out shutting down the equipment. The 
maximum duration of a single operat 
ing sequence is two hours. 

Speed and torque as well as a signal 
for reversing the direction of the tape 
are carried on one channel of the mag 
netic tape by superimposing various 
frequencies. 

During the recording operation, 
these signal frequencies obtained from 
the oscillators are 300 to 900 cycles per 
second for torque, 3,000 to 6,000 cps 
for speed and 1,500 cps for reversing. 
When the original test is duplicated 
during playback, the discriminator 
separates the frequencies by means of 
filters and converts them back into 
signals of speed and torque. 

The — sets up any testing se 
quence desired by design or test en- 
gineers by controlling the reference 
voltages of the speed and torque regu- 
lators while the cycling control records 
the voltage values. During playback, 
control is taken away from the oper- 
ator. By means of this cycling control 
a given test may be duplicated months 
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ARRANGEMENT OF the Test Stand during normal operation. 





after an initial test is made without 
the possibility of human crrot 

Located between the input dyna- 
mometer and the axle is a combination 
flywheel, reduction gear and clutch. 
The heart of the equipment when 
used for shock loading is the clutch, 
Fig. 4. The splined sleeves at each end 
of the unit and positioned by levers, 
are shown in the disengaged position. 
During normal testing the sleeve at 
the input end bridges the splines on 
the input and output shafts so that 
power is transmitted straight through 
the unit without the use of the clutches 
or the flywheel. 

Mounted on hollow shafts are the 
clutch plates and the planets of the 
gear unit. The clutches are spring- 
closed and are opened by means of 
air cylinders controlled by solenoid 
valves. During a shock loading test 
the splined sleeves are moved to con- 
nect the input shaft to the input 
clutch and the output shaft to the 
planet carrier. The clutch operation 
during a shock test is as follows: 

All dynamometers are at rest at the 
beginning of the cycle with the input 
clutch engaged and the output disen- 
gaged. The operator brings the input 
dynamometer up to speed. The op- 
erator, from the console, starts the 
cycle by means of a switch. First, the 
input clutch is disengaged, and then 
the output clutch is suddenly engaged. 
The flywheel mounted Between the 
clutches simulates engine inertia and 
its stored energy is transmitted through 
the output clutch and planetary gear 
to the axle and hence to the output 
flywheels. The magnitude of the shock 
loading depends upon the speed of 
engaging the clutch. When the clutch 
becomes completely engaged, the entire 
assembly is operating at low speed and 
that cycle 1S complete. 

The entire test system duplicates the 
service of a truck carry a 38 ton load 
and traveling at a speed of 60 mph. 
It has a cycling system enabling it to 
follow a set course of variable speeds 
and torques, and will repeat a given 
sequence time after time. 
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BLOCK DIAGRAM of Cycling Control during recording. 
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BLOCK DIAGRAM of Cycling Control during playback. 
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DIAGRAM OF INPUT CLUTCH and flywheel unit. 


Splined sleeves shown solid. 





Manpower Program 
Set-Up for 1953 


AGGRESSIVE MANPOWER PROGRAM to 
insure the availability of enough en- 
gineers and scientists to serve the na- 
tion's needs is the Engineering Man- 
power Commission's plan for 1953, ac- 
cording to T. A. Marshall, Executive 
Secretary. 

He declared that there is a demand 
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for 40,000 new engineering graduates 
right now and grim estimates for the 
next four years show an average ol 
only 23,000 graduates yearly. To com- 
bat this shortage, the Commission 
plans a three-fold program: (1) to 
establish the importance of engineer- 
ing to the public welfare; (2) to aid 
in maintaining the supply of trained 
engineers; and (3) to promote most 
effective use of engineers in the na- 
tional health, safety and interest. 


Concrete steps to be taken: stress 
better utilization of engineers by gov- 
ernment and industry; determine ac- 
tual need for engineers in military 
services; encourage service released 
engineers to return to engineering 
occupation; press for amendment of 
Armed Forces Reserve Act; step-up in- 
teresting high school students in 
technical careers; actively assist or- 
ganizations with current information 
on engineering manpower situation. 
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Transistors Enter 
Commercial Field 


RAYTHEON MANUFACTURING CoM- 
PANY 1S shipping over 10,000 junction 
type transistors a month to hearing 
aid manufacturers for use in new tran- 
sistorized hearing aids. Although two 
or three other companies will also sup- 
ply transistors in production quanti- 
ties, Raytheon believes no other com- 
pany is producing such a volume. 

According to Norman B. Krim, 
Raytheon Vice-President, hearing aids 
are the first marketed products to use 
the tiny germanium semi-conductor de- 
vices. Five manufacturers have already 
announced transistor hearing aids; 
twenty more will make similar an- 
nouncements in the next few months. 

In the new hearing aids, transistors 
replace anywhere from one to three 
vacuum tubes (total number of tubes 
in the device is three). A completely 
transitorized hearing aid costs about 
one and a half times a vacuum tube 
aid. 

Major advantage of the tubeless de- 
vices in this application is economy for 
the user and a reduction of mainten- 
ance. Vacuum tube aids operate on 
two batteries, an A and B. Replace- 
ment costs of these run about $40 a 
year. The tubeless aid uses only an 
A battery since it needs no filament 
currents, supplied by the B battery. 
And because the transistor circuit 
drains only about 5 milliamps com- 
pared to 20-25 ma for a vacuum tube 
unit, batteries last longer so that re- 
placement costs are cut to three dollars 
a year. 

Krim predicted that it will be two 
or three years before transistors find 
their way into other commercial prod 
ucts like radios or television sets. The 
big obstacle—cost. Raytheon sells 
junction type transistors for about nine 
dollars a piece, hardly competitive 
with a vacuum tube that may cost as 
little as a dollar and a half. — 

Main items in the high cost are the 
large quantities of hand labor involved 
in manufacture, and the expense of 
germanium metal itself. To solve this 
price problem, Raytheon has at Icast 
three different development programs 
underway: 1) to develop machinery 
that will make transistors automitic- 
ally; 2) to develop satisfactory tran- 
sistors that use less germanium, than 
present production models; 3) to de- 
velop new semi-conductor materials, 
both metallic and non-metallic, that 
will replace the high priced german- 
ium metal. 

The Raytheon Vice-President also 
cautioned that users will have to make 
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careful application of transistors be 
cause they are still not fool-proof. He 
pointed out that the hearing aid ap- 
plication had been developed only 
after two years of laboratory work. 
Proper design had taken care of some 
of the vagaries of transistors. 

But for other applications, transis- 
tor malfunction under thermal or me- 
chanical shock, limited frequency re- 
sponse, and limited capacity might 
make them unsatisfactory. 

Krim sees a big future for tran- 
sistors once the price has been brought 
down. Next application: portable ra- 
dios. Laboratory men claim that mid 
get portables with the germanium 
devices completely replacing vacuum 


tubes have already been successfully 
tested in the laboratory. Only the 
high cost prevents marketing. 

Other products in the ym 
stage include: transitorized automo- 
bile radios, phonographs, computer 
components, and miniature radio and 
television transmitters. 

There are many industrial applica- 
tions that will be able to use transis- 
tors too. Probably the biggest field 
is instruments and their controls. Krim 
feels that combination vacuum tube 
and transistor circuits will be the most 
useful in industry. Because of their 
limited power carrying capacity, it is 
doubtful that transistors will be able 
to replace tubes completely 





Radioactivity Speeds-Up Industrial Research 


GERMANIUM RESEARCH is accelerated 
by the use of a radioactivity method 
known as activation analysis. Based 
upon the availability of radio-isotopes 
and services of nuclear reactors, Dr. 
G. H. Morrison of Sylvania Electric's 
Central Engineering Laboratory told 
members of AIEE recently that it is 
now possible to measure impurities of 
one part in 100 million. According to 
Morrison, conventional chemical meth- 
ods of measurement are ineffective at 
such low concentrations. 

Sylvania’s specific application of the 
radioactivity method is the evaluation 
of trace amounts of impurities that are 
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transferred from the germanium proc- 
essing container. First step is subject- 
ing the graphite container to nuclear 
radiation during which certain im- 
purities of the graphite are made fa- 
dioactive. During processing of the 
germanium, a portion of the container 
impurities are transferred to the semi- 
conductor material. Since impurities 
are radioactive, quantity and identity 
are determined by measuring intensity 
and decay rate of radiation. 

Morrison stated that Sylvania’s de- 
velopment of radioactivity as a re- 
search tool was made possible by near- 
ness to AEC’s Brookhaven reactor. 


RADIOACTIVE METHOD to determine trace amounts of impurities in germanium 
being evaluated by Sylvania Electric technician in company's Bayside, New York, lab- 
oratories. Primary use is to carry on research in semi-conductor materials. 
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Polyesters Speed-Up 
Motor Production 


POLYESTER RESINS used instead of sili- 
cone or phenolic resins to impregnate 
electrical windings in motor stators 
and rotors cut processing time from 
70 to four and a half hours. And a 
simpler manufacturing technique re- 
duces costs and number of rejects. 

Eclipse Pioneer Division of Bendix 
Aviation Corporation developed the 
process using American Cyanamid’s 
Laminac resin to insulate rotors of 
high speed aircraft generators against 
arcing and moisture. The plastic also 
anchors the windings in place despite 
the centrifugal forces generated by 
high speed rotation. 


POLYESTER treated aircraft generator 
rotors in special rotating fixture for oven 
curing at 300 deg F 


Major advantage stems from a re- 
duction of impregnation and curing 
time. With the polyester resin, the 
windings are impregnated in a vacuum 
of 20 in. of hg for 10 minutes. Initial 
curing takes one hour; final drying 
another 3 hr. 

Other advantages claimed for the 
technique: the polyester resin does not 
“gas” at high altitudes as phenolics 
do; it withstands higher temperatures 
than silicones before softening; it 
eliminates three coats of varnish usu- 
ally applied when other resins are 
used; and it does away with the need 
for post-cleaning. 

When. rotors are being processed, 
they are rotated during the initial cur- 
ing so that the resin gels uniformly 
and does not unbalance the rotor. Sta- 
tors can be cured and dried in one 
operation. 

The new impregnating technique 
cuts rejects from a rate that previously 
ranged 40-50 percent to 10 percent. 
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Shell Molding 
Uses More Resin 


A SIGNIFICANT TREND in the use of the 
shell mold process is earmarked by 
the upswing in phenolic resin produc- 
tion for the foundry industry. 

Monsanto Chemical estimates that 
due to developments in casting pro- 
cedures industry-wide volume of 
phenolics will climb to more than 17 
times the 1952 figure. 

First major use of phenolics for 
process dates back only to 1950. To- 
day, production is calculated at rate of 
several million pounds annually. 

It is also pointed out that a basis of 
measurement of shell mold growth 
should be the number of molding sta- 
tions in operation. Most units are 
multiple station types varying from 
2-24. In 1952, approximately 300 sta- 
tions were in operation; by end of 
1953 over 900 stations will be making 
casting shells. 


Research Costs Mount 


W ASHINGTON—The Industrial re- 
search and Development Board's Pre- 
liminary Report shows that the nation 
is stepping up its industrial research 
program. In 1952, the total outlay 
was about three and one-half billion 
dollars—four times the yearly bill at 
beginning of World War II. 

Manufacturing concerns are doing 
the bulk of the research with electrical 
machinery, aircraft and chemical indus- 
tries accounting for one-half of the 
work. But the Federal Government 
is picking up at least 50 percent of the 
cost, principally by the Defense De- 
partment and Atomic Energy Commis- 
sion. 

Cost of research for companies is 
running at a rate of about two percent 
of annual sales or services. Industry 
proportions vary widely with aircraft 
manufacturing up to 13 percent; elec- 
trical machinery and professional and 
scientific instruments at 6 percent, to 
0.6 percent in petroleum refining and 
the primary and fabricated metal in- 
dustries. 

The RDB report states that the aver- 
age cost per research engineer or scien- 
tist is $22,100. Motor vehicle indus- 
try’s cost is over $68,000, and the 
chemical industry's outlay is down to 
$16,500. Wide differences are due 
to varying ratios of engineers and 
scientists to supportir.g personnel. Av- 
erage ratio is nearly one scientist for 
every five supporting workers. How- 
ever, higher ratios are explainable in 
light of research organizations ex- 
panding their staffs to utilize profes- 


sional personnel more efficiently during 
current manpower shortages. 

Turnover rate of engineers and sci- 
entists leaving research jobs for other 
positions or service in the Armed 
Forces is approaching the World War 
II level. Current figures show that 
16.4 out of 100 professional people 
employed are leaving their jobs every 
year. In the aircraft industry, compe- 
tition for engineers and scientists 
boosts the separation rate up to 20.8 
per 100. 

Call-ups for military service show a 
rate of only 3 per 100 workers, of 
which Reserve calls made up 1.8 and 
Selective Service 1.2. But alarming 
figure is that almost 20 percent of all 
research personnel are members of Re- 
serve Components and thus liable for 
recall. Another 6 percent are classified 
1A or 2A. In the electrical machinery 
industry about 34 percent of the pro- 
fessional staff is vulnerable to military 
service; in the aircraft industry, 29 
percent. 

Another interesting point made by 
the report is the indication by industry 
that they were able and willing to take 
on additional research contracts which 
implies a reservoir of scientific per- 
sonnel that can still be utilized. 


Device Detects 
“Micro-Heat” Changes 


A MICROCALORIMETER developed by 
the University of Chicago's Institute 
for Study of Metals detects tempera- 
ture changes as small as 0.0003 C. 
Projected use of the device is to analyze 
basic structural changes within metals 
that effect their properties. 

Heat measuring apparatus consists 
of two basic parts: a vaporthermostat 
to maintain a constant temperature 
around the object whose heat is being 
measured, and the actual heat measur- 
ing device which induces a minute 
electric current resulting from tempera- 
ture difference between the constant 
temperature of the vaporthermostat 
and the temperature of the sample. 

Vaporthermostat includes heating 
units, condensers, and shielded con- 
stant pressure reservoir insulated by 
a closet-size container of sawdust. 
Methyl benzoate provides a constant 
temperature throughout its boiling, 
evaporating and condensing cycle. 

The measuring device is a tall, insu- 
lated cylindrical chamber holding the 
sample. Inside the cylinder is a ther- 
mopile, made up of 20 individual 
thermocouples of iron and constantan. 
Minute amounts of heat measured re- 
sult from growth of grains in the metal 
as its structure changes 
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F-51 MUSTANG was considered a first class fighter plane in World II, but it is a far cry from today’s F-94C Starfire, practically auto- 
matic with 1,200 Ib of electronic gear. It illustrates the problem of . . . 


... Military Designs: Are They Too Complex? 


TO KEEP PACE with the change in 
materials of war—from piston engines 
to jets, from artillery to rockets, from 
piloted aircraft to guided missiles, and 
from conventional explosives to atomic 
warheads—U. S. designers have devel- 
oped armaments that are replete with 
automatic mechanisms, loaded with 
safety devices, contain mazes of elec- 
tronic gear and cost fabulous sums. 
The big question is: Are our weap- 
ons becoming complex and loaded 
with gadgets Lec tie point of di- 


minishing returns? 


> Military View. The Department of 
Defense says no. They claim that the 
— up pace of war forced present 
designs. They point out these influ- 
ences: 

World War II developments like 
radar, electronic computing devices 
and automatic control theory opened 
new vistas for military designers. 

Operational requirements of present 
day combat demand a new degree of 
control, of speeds, and ranges; de- 
mands beyond the capabilities of a 
human operator or simple devices. 
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According to the semi-official Army- 
Navy-Air Force Journal, the U. S. 
should strive for top quality, even at 
the expense of maximum production. 
The paper puts military opinion this 
way: to freeze designs is to freeze 
progress; and any attempt to discour- 
age costly gadgets and gimmicks would 
endanger lives on the battlefield. 


> In Opposition. Critics, on the other 
hand, like Bernard Baruch and Senator 
Lyndon Johnson charge that excesses 
of gadgetry are “killing our boys with 
kindness”. They urge not only more 
weapons immediately, but simpler 
weapons in design and construction. 
They also claim that we are paying far 
more for what we get than it’s worth. 

Proponents of simple weapons point 
to history to substantiate their theories. 
Since the Civil War, the U. S. has won 
military victories by out-producing the 
enemy after the war started. Victory 
came from the quality-quantity out- 
pouring of industrial arsenals rather 
than by pure maneuver on the battle- 
field. 


The design problem was simple. 


The U.S. developed a reasonably good 
weapon, not the best in the world, 
and then produced far more than the 
enemy could. 

Today the Pentagon is attacking the 
design problem in a different way. As 
a basic fundamental they stress this: 
nothing is more valuable than the life 
of an American Soldier, and anything 
done to protect that life is worth the 
cost and effort. 

Therefore, they are demanding 
weapons that are the best in quality 
and performance. They ask designers 
to develop weapons, and any gadgets 
to go with them, to make them the 
best in the world. 

This sometimes results in equip 
ment that is loaded with safety de- 
vices, heavy armor, primary, secondary 
and even more systems of control and 
electrical circuits. Such designs fre- 
quently mean a loss in final perform- 
ance and quality, the very things de 
clared essential 


> Russian Designs. Design analyses 
(Product Engineering, Nov., ‘51, P 
134, Feb. "51, p. 124, Aug. "52, p. 194, 
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REPUBLIC’S XF-91, interceptor fighter. 


Experimental 


Oct. "52, p. 154) show that the Rus- 
sians have a different concept of de- 
sign. They develop weapons of war 
to last a limited number of combat 
hours ; they make them uncomplicated ; 
they use castings and stampings wher- 
ever possible instead of machined 
parts; their finishes and tolerances are 
rough unless function demands close 
tolerances and ground finishes; and 
they provide a minimum amount of 
protection and safety devices 

Overall, the Communists strive to 
turn out a weapon that is as simple as 
possible, as inexpensive as possible, 
and one that will accomplish only one 
function. 


Aircraft Design 


The airplane is the most costly 
single weapen bought today by the 
services, exclusive of large naval com- 
bat ships, so the U. S. aircraft design 
program has the severest critics. That 
portion in the hottest contention re- 


DOUGLAS XA3D for the U. S. Navy. 


volves about jet fighter aircraft. A 
comparison between the Russian MiG- 
15 and the F-86 Sabre illustrates the 
problem. 


> Compared with Russians. Experts 
rate the MiG as a top example of sim- 
plicity—it carries little more than bare 
essentials for flight instruments and 
actuating mechanisms for gear and 
flaps. It uses aluminum fences to pro- 
hibit sliding airflow along the tapered 
wings, a development U. S. designers 
are just adopting. The MiG carries a 
poor electronic gunsight because the 
Russians have been unable to develop 
one that can compare with U. S. 
standards. 

The F-86 is as complex as the MiG 
is simple. It's a considerably larger 
plane; estiniates put its weight almost 
1,000 Ib heavier than the MiG, mostly 
because of heavier armor plate, arma- 
ment, and electronic gear. 

From a performance standpoint, the 


CONSOLIDATED VULTEE’S XB-46, an Air Force experimental bomber, 
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McDONNELL’S XF-88 Voodoo. 


Aircraft Are Draining Men, Resources, 


Air Force claims superiority over the 
Russians. In air-to-air combat, U. S$ 
pilots shoot down about 11 MiG-15’s 
for every F-86 lost. But they also 
credit better trained and more experi- 
enced pilots as well as a performance 
edge in aircraft. 

The argument reaches its peak on 
price. Experts guess the MiG costs 
$200,000 ; the Sabre $750,000-$1,000,- 
000. The point is: Is the perform- 
ance edge worth half a million dollars ? 
Could it be obtained at a cheaper price 
by volume production of a different 
kind of airplane? 


> How costs mount. As a rule of 
thumb, jet planes cost about $40 per 
pound. E. H. Heineman, Chief Engi- 
neer at Douglas Aircraft, figures that 
every pound of gear in the cockpit, re- 
quires an additional 10 lb distributed 
throughout the plane. That means that 
each pound of extra weight means an 
increase in cost of $440 per plane. 

Typical expensive examples: wing 
deicers weighing about 300 Ib in- 
crease the gross weight by an addi 
tional 3,000 Ib and add $120,000 to 
the plane's cost. The auto pilot weighs 
about 110 lb, increases weight by 
1,100 Ib, and cost $44,000. Ejection 
seats weigh 100 Ib, boost gross weight 
by 1,000 Ib and add another $40,000 
to the cost. 

By eliminating just these three de 
vices, designers could save 5,000 Ib 
gross weight and almost $200,000. But 
the problem isn’t that simple. Remov- 
ing the ejection seat might prevent a 
pilot from bailing out of the jet in 
trouble since high speeds prevent him 
from getting out under his own power 
And the Air Forct has equally good 
reasons for having deicers and auto 
pilots too. 


> Expensive Extras. Critics don’t com- 
plain about that type of added mech- 
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McDONNELL’S XF3H-1 Demon. 


DOUGLAS F4D Sky Radar( in prod.). 


NORTHROP X-4 USAF Research plane. 


Time and Money... Are so Many Necessary? 


anism. The main blasts are directed at 
needless duplication of instruments 
and so-called luxury gadgets. These 
are typical: 

@ Automat cockpit temperature 
controls. Even pilots agree that this 
feature and the addition of related 
temperature gages to an already clut- 
tered instrument panel are extrava- 
gant in both weight, cost and main- 
tenance. They point out that a pilot 
should be able to determine whether 
he is hot or cold; and since the proper 
temperature depends on his clothing, 
his physical condition, and the amount 
of exertion, he has to adjust the auto 
matic control anyway 

@ Rado Nav igation Aids Critics 

lit that these are most useful in 
peace time, but they doubt their value 
on combat aircraft in time of war. 
They point out that the enemy will not 
provide radio beacons over his terri- 
tory. Too, the trend in tactics is for 
ground radar to direct fighters in front- 
line areas. They argue that naviga- 
tional equipment adds more weight 
than it worth to a combat fighter 
plane and the Air Force should screen 
this equipment more thoroughly be- 
fore approving its use 

e Armament The tendency on 
fighter craft is to install larger and 
larger guns. Too, designers are striving 
to reduce reloading time and increase 
gun life. This means heavier and 
heavier guns. Many experts feel that 
gun size and life should be pared 
down to save on weight, even if the 
guns last only 1,000 rounds. They 
point out that this might save the air- 
craft and it is easier to install new 
guns than to replace the entire airplane. 

Most of the complaints about excess 
gadgetry involve a question of weight. 
This is because every added pound 
cuts performance and maneuverability. 
But logistics experts are also worried 
about the maintenance problems with 
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these complicated gadgets. They figure 
it now takes too many men to keep a jet 
fighter in the air. And these men 
require on the average 25 weeks of 
training. Even now, the U. S. can 
not train enough mechanics to keep 
the required aircraft flying. 


> Design Trends. Overall, the U. S. is 
moving towards even more complex 
aircraft. Pentagon sources claim that 
as plane speed increases, the need 
for more automatic controls becomes 
more urgent. They say that two jet 
airplanes emerging from clouds 1.5 
miles apart and approaching head-on 
at a speed of 1,200 mph would crash 
before the pilots could see each other 
and react. So they have to rely on 
electronics to see for them, to 
judge distance and fire guns 

In fighter plane 
Force 


aim, 


design, the Air 
a preference for the 
Delta wing configuration, capable of 
operating speeds at Mach 2 (twice 


has show n 


sound). Pioneered in 
Germany and first fully developed by 
Consolidated Vultee Aircraft, the de- 
sign is also being worked on by Lock 
heed, Republic, and North American. 

This trend inherently more 
complex electronic devices but it may 
effect a saving in heavy armor and du- 
plication of control and landing sys- 
tems 

The Air Force is also experiment- 
ing with two different concepts of 
fighter plane design: one is a super- 
sonic interceptor without extras. It's 


the speed Ol 


forces 


little more than wings, engine, pilot, 
and guns. The second fighter, cur 
rently favored, is the 
loaded with highly complex electronic 
The pilot only 
takes off and lands the aircraft 


reverse; its 


controls and gadgets 


Tank Design 


that a 
industry board should re 
military equipment 


Many industry 
civilian of 


peopl feel 


view de sign ol 


GLENN L. MARTIN'S XB-48, an Air Force experimental bomber. 





result of arrested tank development. All riveted, it provided poor 
protection for its crew and limited firepower. 


S. ground forces 


during World War II. An improvement over the M-2, it was still 
comparatively difficult to maneuver. 


But Stop-and-Go Design Policy Impedes Tank 


The medium tank program, which had 
such board, illustrates how a review 
board can operate to develop sound 
design. 

When the Army asked industry to 
help in the development of a medium 
tank, the major contractors—Chrysler 
Corporation, General Motors, Ford 
Motor Company, and the American 
Locomotive Company-—set up a com- 
mittee composed of engine ers from the 
participating companies. Meeting reg- 
ularly once a week, they checked prog- 
ress, reviewed designs before submit- 
ting them to the military, and tussled 
with coordination problems. 


> Simplifying Design. As a starter, 
they scrutinized the initial specifica- 
tions demanded by the Army's Ord- 
nance Department. When they found 
a requirement that dictated, in their 
opinion, a complicated or extravagantly 
expensive mechanism, they asked the 
Army Ground Forces (who accept tank 
equipment for the Government) to 
justify the use. 

If the explanation did not justify 
the expensive design, the committee 
ruled it out. In this way, they checked 
the use of complicated and expensive 
gadgets. And at the same time, the 
civilian designers got an intimate pic- 
ture of what the tank had to do and 
how it was to be used 

Here are two examples of how this 
procedure worked. 

1) The previous 
model, the M-47, 


tank 


automatic 


medium 
had an 
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fire control system. Ordnance wanted 
one on the new tank, too. The civil 
ian designers felt that such a system 
was too complicated, too expensive, 
and invited a difficult maintenance 
problem. They asked the Ground 
Forces why they needed it. The answer 
was that they didn’t actually need an 
automatic system; all that combat 
troops required was some means of 
putting the tank guns into firing posi- 
tion almost instantly. 

Designers solved the problem with 
an electrically powered turret, im- 
proved optical rangefinder, and man- 
ual firing that filled the performance 
bill, but was not too complicated, not 
too expensive, and required a mini- 
mum of maintenance. 

2) There was, on the other hand, 
agitation to get rid of the auxiliary 
power plant, engine and generator. 
Engineers felt that the main power 
plant was more than adequate. But 
combat officers explained that the unit 
served many other functions and was 
essential. 

It was needed to warm up the main 
engine in freezing weather; it sup- 
plied electricity to operate the turret 
when the tank was hiding and couldn't 
use the ncisy main engines; it per- 
mitted quiet charging of the tank’s 
batteries. As a result, the auxiliary 
generator and power plant stayed in 
the design. 

This type of give-and-take, coupled 
with industry-government cooperation, 
produced the design of the M-48 me- 


dium tank, which many people con 
sider the best tank of its size in the 
world. 

In the M-48 there are no duplicate 
electric or hydraulic circuits. Instead, 
designers locate wiring and piping in 
protected positions, away from the 
sides of the vehicle. 


> Simplifying Tolerances. The com- 
mittee also tackled one other prob 
lem that complicates military design 
and production—standards and toler- 
ances. Their approach: Whenever a 
contractor or sub-contractor encoun- 
tered difficulty or extreme expense 
meeting a tolerance or finish, the com- 
mittee reviewed the specification to 
see if it was absolutely necessary. If 
not, the tolerance was corrected. In 
this way they were able to eliminate 
considerable over-design. 

Since the military also turned over 
responsibility for building a founda- 
tion for extensive production if that 
should be needed, the committee con 
sidered production feasibility in their 
design. One example illustrates this 

The M-48 is the first tank to have an 
all-cast hull. Much has been made of 
the ballistic properties of this design 
it permits deflection of shell hits. But 
not so well known is the production 
advantage involved. The cast hull 
eliminates a welding operation that 
used 1,200 lb of hard-to-get nickel rod 
and hundreds of man-hours of expen 
sive labor for each tank. 

Designers admit that the M-48 is 
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M-46 PATTON I climaxed World War II tank development. 
This was one of the first U. S. designs produced by evolution— 


from the M-4 to the M-26 to the M-46. 


M-48 is the newest medium tank. Developed with industry-gov- 
ernment cooperation it is considered the best tank of its size in 


the world, affording good protection and firepower. 


Development and Raises Costs 


still an expensive tank, costing about 
$200,000 cach, and it has too many 
complicated mechanisms. They claim 
that it’s successsor, currently on draw- 
ing boards, will cost less, perform 
better, and be simpler in design. 

However, tankmakers claim that the 
M-48 costs no more than the World 
War II M-4 if inflationary costs of ma- 
terial and labor are ignored. 

Now that the Army Ground Forces 
have accepted the M-48, the same con- 
tractors are using their design organiza- 
tion to develop a heavy tank. Observ- 
ers expect that the U. S. will unveil 
a new heavy tank sometime this sum- 
mer or in the early fall. 


> For the Future. Industry engineers 
who worked on the M-48 make these 
recommendations for future tank de- 
sign: 

1) They insist that the U. S. must 
maintain a constant program for de- 
veloping tanks. They blame the high 
cost of the M-48 on the U. S.’s stop- 
and-go policy of tank development. 
When designers started on the M-48, 
they had to begin from scratch 

Here’s what had happened: After 
World War I, the U. S. did not build 
or develop a tank until the 1930's 
when the Army built one or two tanks. 
They then dropped the program until 
just before the last war. During the 
war, development, once started, moved 
smoothly. 

Starting with the M-2 riveted model, 
Ordnance advanced to the M-4 Sher- 
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man, and then to the M-26 Pershing. 
But after World War II, tank develop- 
ment was forgotten until the Korean 
fighting started. Ordnance first tried 
to improve the Pershing and developed 
the M-47; but when industry entered 
the picture, it was decided to develop 
a brand new tank. 


> Need Periodic Redesign. Chester 
Utz, chief of tank design at the Chrys 
ler Corporation, says the tank must be 
redesigned completely every five years 
He explains that new developments in 
materials, metallurgy, electronics and 
engineering, make a tank obsolete and 
expensive after that period of time. 

As proof, industry engineers have 
already been able to make design 
changes on the M-48 that will save 
money and maintenance time. They 
point out that gradual evolution is the 
way to develop economical tanks 

2) Engineer executives urge a better 
distribution of technical information 
They credit the success of the M-48 
program, in part, to the rapid exchange 
in their own group. But they add 
that this is not enough. They found 
that. other sovernment had 
made developments that could have 
been used in the M-48. But because 
they were classifie!, nobody knew 
at put them until it was too late. 


agen es 


Electronics 


No other country in the world uses 
electronics to the same extent as the 
U. S. The reason: most other na- 


tions lack a well-developed electron- 
and the funds to spend. 
gear is the most costly 
equipment developed to aid arma- 
ments. The clectronics on a modern 
fighter plane, as a typical example, 
cost three times what a complete 
World War II fighter cost 

Engineers who oppose such exten- 
sive use of this gear offer two other 
objections in addition to cost: unre- 
liability, and maintenance 


ics industry 
Electronic 


> Unreliability. There's strong sup- 
port for this argument. Vacuum ube 
manufacturers admit that they cannot 
predict how long a tube will last. They 
can determine an average life, but lab- 
oratory tests rarely duplicate field data 
because conditions of temperature and 
shock are not similar 

In present bomber aircraft, with 
gear containing 1,200 tubes, statistic 
analysis predicts that one vacuum tube 
will fail every hour. As the number 
of tubes increases, the chance of a 
tube failure becomes more likely 

The simplification proponents point 
out that if a vacuum tube in a critical 
gear fails during combat, the advan 
tages of the complex automatic equip 
ment are lost. And even more impor 
tant, it could kill the soldier it was 
designed to protect or assist 

Electronics is still a relatively young 
field. Many developments barely get 
out of the laboratory before they are 
superseded by newer circuits. 

Military men are aware of this un- 
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TECH MICAL NMEWS 


trustworthiness of electronic tubes. 
They've tried to overcome it with morc 
reliable tubes, and more reliable cir- 
cuits. But the problem still remains. 

A recent National Bureau of Stand- 
ards development, the tube failure pre- 
diction unit, may help. Too, transistors 
when they reach a stage of successful 
application, might solve the problem. 

rhe answer, critics claim, 1s to keep 
clectronic gear in experimental weap- 
ons until a degree of reliability has 
been reached, and the field has tended 
to stabilize. ‘“ahey point out that the 
military would never accept mechani- 
hydraulic with the 
vagaries of electronic gear. 


cal or systems 


P Electronic Maintenance. From a 
maintenance standpoint, electronics of- 
fer a serious headache. The Navy est- 
mates that it spends $27,000 to train a 
single enlisted electronics specialist. 
And this year the Navy requested over 
$23,000,000 for training aids to help 
turn out guided missile experts, elec- 
tronic technicians and pilots. 

The Defense Department says they 
use electronics for two reasons: 1) to 
see where the human eye cannot reach, 
and 2) to replace manpower. But 


pred fo to the army of technicians 


needed to keep the electronic gear in 
service as nO Manpower saving. 

To stimulate industry's simplifica- 
tion of electronics, the Defense De- 
partment has inaugurated an incentive 
type of contract. They plan to give a 
contractor a larger rate of profit if he 
is able to design and perfect gear, 
simpler than its predecessor, that will 
perform its assigned task. 


Design Recommendations 


Veteran design engineers view some 
portions of the U. S. armament pro- 
gram with concern. Here are some typi- 
cal recommendations to simplify equip- 
ment and reduce its cost: 

@ Use basic science to solve prob- 
lems instead of building up complex 
gadgets. Veterans attribute much of 
the complexity of equipment to a fail- 
ure to make a basic analysis of the 
function it is to perform. Instead, en- 
gineers are working backwards. 

¢ Improve the distribution of tech- 
nical information. Most common com- 
plaint heard about the armament 
program is the excessive security 
classifications imposed by the military 
services. This not only slows up de- 
velopment, but increases costs since 
security measures are expensive. Some 
industry observers estimate that as 
much as 60 percent of the material 
classified, should not have a secrecy 
or classification label. 
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e Improve coordination of design 
and development in a field. Experts 
criticize the aircraft program particu- 
larly because every major company is 
working on their own aircraft design. 
As a result, the Air Force has a dozen 
experimental planes with accompany- 
ing ‘waste of money, materials and 
personnel. They point to the tank 
program where all contractors cooper- 
ated to develop one outstanding basic 
design. 

These men recognize that a different 
problem exists with aircraft. They do 
not propose that the services be limited 
to a single design. But they do think 
the current number of experimental air- 
craft 1s excessive. 

One encouraging note: the recent 
program inaugurated by the Aircraft 
Industries Association. In this, AIA 
assigns specific basic research projects 
to various companies. Results are then 
disseminated to all manufacturers to 
avoid duplication 

e Establish an out-of-military Board 


of Review to pass on weapon specifica- 
tions. Many industry people teel that 
military specifications demand far too 
complicated solutions to combat prob- 
lems. They feel that an impartial board 
could temper these without bias or pre- 
judice and keep weapons practical and 
reasonably priced. 

e Design parts with low-cost pro 


been 


duction in mind. Criticism has 
aimed at many structures and compon 
ents because their manutacture rc 
quires complicated and expensive pro 
cedures. As a good example, critics 
point to World War II airc raft produc 
tion in Germany. At the height of 
Allied bombings, German production 
continued to rise. Observers credit the 
heavy forging equipment and presses 
that the Germans used more than in- 
dustrial dispersion. Because the ME 
109 was a model of aircraft simplicity, 
they were virtually stamped out of 
aluminum without time-con 
suming fabricating and riveting proc 


loss of 


esses. 





Another King Size Extrusion Press 


AN EXTRUSION PRESS of 20,000 ton 
capacity will be installed in the La- 
fayette, Indiana, plant of the Alumi- 
num Company of America to supple- 
ment the 14,000 ton unit now under 
construction for fabrication of large 
structural shapes. 

Under lease arrangement with the 
U. S. Air Force, the press is another 
part of the heavy press program for 
essential military production of wide 
ribbed shapes for integrally stiffened 
wing panels and heavy shapes for spar 
caps. Present planning is to use the 
press for “omen production of 
wide, thin shapes, and large size pipe 


for the chemical industries 

Scheduled for completion by mid 
1954, the new press will extrude 
shapes weighing up to 4,500 lb from 
ingots of 8 to 41 in. dia and up to 
8 ft in length. 

To relieve internal strains and to 
straighten the shapes after extrusion, 
Alcoa will install a 3,000,000 lb 
stretcher. It will straighten shapes up 
to 60 sq in. in cross-sectional area in 
one of the strongest aircraft alloys, 
758. 

Maximum length for heat-treated 
shapes is 90 ft sct by existing heat 
treating equipment 


Perspective of 20 ton Hydraulic Extrusion Press being built by ALCOA for Air Force. 
10 and 20 ton capacity in two stages. Equipped with four 206 in-stroke main cylinders; 
moving saw ee shear for butt end separation; hydraulic operating billet loading 
device. Maximum operating pressure of 4,500 psi. Full rating is 15 cycles per hour. 
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PLUGGING a 


“standardized circuitry package” into new Defense Dept. electronic 


computer at National Bureau of Standards. Packages supply about 90 percent of total 
circuitry requirements, exclusive of memory units. 


NBS Designs “Building Block” Computer 


AN ADVANCED ELECTRONIC COMPU- 
TER now under development for the 
Department of Defense will utilize 
standardized circuitry packages that 
can be adapted to other digital com- 
puters to reduce manufacturing cost 
and simplify maintenance, according 
to scientists at the National Bureau 
of Standards. By the proper inter- 
connection of a sufficient number of 
the new NBS units, most of the circui- 
try of large complex computers can be 
constructed. 

Each circuit “package” has a large 
number of connections brought out to 
connector pins, making different uses 
possible. A test jack at the top of 
each package helps locate defective 
units, and as soon as a trouble-causing 
package is located a trouble-free one 
can be inserted in its place 

The basic NBS package consists of 
an amplifier tube, a pulse transformer 
and a number of germanium diodes. 
The total number of diodes required 
per package may be as high as 38 
(some are in parallel), most of them 
for signal input. Since not all pros- 
pective applications will require so 
many diodes, four slightly altered ver- 
sions of the NBS unit are provided, 
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embodying different numbers of 
diodes. The four versions which are 
sufficiently similar to permit mass pro- 
duction are already being made for the 
Bureau by a private manufacturer. 

A second type of package, identical 
in size to that containing the tube and 
diodes, houses delay lines for inter- 
connection between stages. Both types 
are designed for durability, mass pro- 
duction, and quick testing and serv- 
icing by easily trained personnel 
Etched circuitry and dip-soldering help 
make construction simple and fool- 
proof. 

Plans for the new NBS computer 
call for some 800 packages, plugged 
into 10 chassis holding 80 packages 
each. The chassis are on racks meas- 
uring about 7 ft high by 3 ft wide. 
Each rack holds four chassis. A handle 
at the end of each package facilitates 
insertion and withdrawal. Heavy guide 
pins assure correct insertion and pro- 
tect the 60 connector pins from acci- 
dental damage in handling. Many of 
the components in the package are 
connected to separate pins and have 
no connection with other components 
when the package is unplugged. This 
has two advantages: (1) it permits 


flexibility in external connection, and 
(2) permits testing the unplugged 
package for faulty components without 
improvised circuit paths. The test 
jack at the top of each unit permits 
checking of output signals by means 
of an oscilloscope. 

Defective components within indi 
vidual packages are located with a 
special test unit. The package is 
plugged into the test equipment and 
a selector switch is rotated to obtain 
checks on each component. Trouble 
free packages are tested periodically 
as a routine preventive maintenance 
measure ; whose chara 
teristics have drifted beyond acceptable 
tolerances are replaced. These test 
procedures, requiring specialized test 
equipment, are applicable to the stand- 
ardized-package system 


components 


Prestraining Effects 
Copper Properties 


PRESTRAINING directly effects the room 
temperature tensile properties, hard- 
ness, and microstructure of high purity 
copper, according to results of a recent 
investigation conducted by the thermal 
metallurgy laboratory of National Bu- 
reau of Standards. Also, test studies 
indicate that tensile properties of 
metals depend only upon the instan- 
taneous strain state of the metal, and 
are generally independent of the way 
used to obtain the state. 

Tests were made on oxygen-free 
high-conductivity (OFHC) copper ini- 
tially an annealed, as cold-drawn dif- 
ferent amounts, and as pre strained in 
creep at 110 F, 250 F and 300 F. 

Results concluded from the test are: 
(1) Cold-drawing at a relatively fast 
strain rate generally results in in- 
creased strength and hardness, but de- 
creased ductility. (2) Prestraining at 
high temperature or low strain rate 
generally results in reduced strength, 
hardness and ductility. (3) Specimens 
with larger grain sizes show lower 
yield strength and hardness values 
(4) Grain size has little effect on ten 
sile strength or ductility 


HELI-COIL CORPORATION announces 
the selection of six judges for their 
Student Design Award Contest (Prod- 
uct Engineermg, Dec. 1952, 195) 

industrial designers A. Baker Barnhart 
and Francesco Collura; Austin A. 
Church, NYU Professor of Mechani- 
cal Engineering; Karl H. Tietjen, con- 
sulting engineer; George F. Norden- 
holt, editor Product Engineering; and 
Colin Carmichael, editor Machine De- 
S72n 
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DOW CORNING CORPORATION 





| electrical insulation made with 
EE DOW CORNING SILICONE RESINS 


give you unequalled freedom in design, still more 


power per pound, even longer life and 


greater reliability 


COATING VARNISH 
Dow Corning Silicone Varnish 994 
has over 100 times the thermal life of the best 
organic varnishes; over 3 times the life of earlier 
silicone varnishes. 


IMPREGNATING VARNISH 
Dow Corning Silicone Varnish 997 
bakes without bubbling at 300° to 400°F; 
cuts processing time to 1/4 to 1/7 the time 
required for earlier silicone 
impregnating varnishes. 






BONDING RESIN 
Dow Corning Silicone Resin 2105 
Makes it possible to produce silicone-glass 
laminates with over 100 times 


the dielectric life of the best silicone 
laminates previously available. 


KEEP PACE WITH PROGRESS ....‘. 


Midland, Michigan 








DOW CORNING 


SILICONES 





Mail coypon today 


Atlanta 

Chicago 
Cleveland 
Dallas 

Los Angeles 
New York 
Washington, D.C 








Dow Corning Corporction, Dept. R-3 
Midland, Michigan 


Please send me complete data on ([() BONDING RESIN 


() COATING VARNISH ([() IMPREGNATING VARNISH 
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Dimensional Allowance Charts 
for Helical Wire Springs 


VICTOR TATARINOV 


Pilsen, Czechoslovakia 


WHEN DESIGNING helical springs, the 
diameter of wire required to satisfy 
the load and deflection characteristics 
often falls between standard gages 
available commercially. A normal pro- 
cedure in such cases is to use the next 
larger standard size. However, if it is 
necessary to evaluate the effects of the 
variation between the calculated and 
standard wire diameter, it may be nec- 
essary to repeat a considerable number 
of calculations. 

This procedure can be simplified by 
the nomographs on the pages that 
follow. These charts which illustrate 
the effects of different allowances on 
the spring loads and deflections were 
constructed on the basis of the classical 
spring deflection formula: 


fo _ 8(D—d)'n 
| Gd 


= working load, lb 


l 


Ww he re 


= deflection produced by P,, in. 
wire diameter, in. 
outside coil diameter, in. 


= torsional modulus of the 
material, psi 


spring 


number of active coils 


Letting the variation or allowance in 


diameter d be represented by + a, 
Eq (1) can be written as follows: 


< “ 


= D—d+a)'n >) 


P Olde 2) 
ee where 


f and P represent the new values of 
deflection and load, respectively. 
Dividing Eq (1) by (2), selecting 
f = f,, and assuming (D-d + a) is 
approximately equal to (D-d), 


P d+ a) 


7 d‘ 
Letting P/P 
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In a similar manner, if P = P,, the 
ratio f/f,, which is designated y, is 
expre ssed by 


y = 1/x (5) 


The curves of Fig. 1 are based on 
Eq (4) and (5). The left hand curve 
is plotted for negative values of a, 
while the right hand curve is used 
when a is positive. The value x and 
y are expressed in percentages. Nega- 
tive values must be subtracted from 
1.00 as illustrated in the sample prob- 
lem below. 

Given: D = 4 in., P, = 110 bb, f, 
= 2.0 in., and d = 0.157 in. The 
nearest standard wire size is 0.162 in. 

Solution: 4 = 0.162 — 0.157 = 
+-0.005. Thus the right hand curve is 
used. The intersection of the heavy 
dotted lines on Fig. 1 show the load 
variation x to be 13.7 percent. Thus 
P = 1.137 P, = 125 bb. 

The deflection y is —12 


percent 
from the curve. That is, if P 


= & 


o° 


—12 
percent, which checks the value from 
the curve. 

The graphs in Fig. 2 establish a 
relationship between values of (D-d), 
x, y, and the outside coil diameter al- 
lowance which is designated by + 3b. 
The fundamental formula incorporat- 
ing this allowance can be written as 
follows: 


f _ 8(D—d+b)m 


P Ce 
Dividing Eq (1) by (6) and selecting 
i= fe 


-__(D- 2) 4 
a W-dar (7) 


a ete ene" =! (8) 
x 


Eq (8) is the basis of the two 
graphs in Fig. 2. As before, the left 
hand one is used for minus allowances 
and the right hand one for positive 
values. Example 2. Using values of 
the previous example and an allowance 
for outside diameter of spring, 4 
+0.1 in., D-d = 4.0 0.157 = 
3.843 in. The intersection of the line 
designating 5 +0.1 and that desig- 
nating D-d 3.843, indicates a value 
of load variation equal to —7.4 per- 
cent. Thus x 1.0 0.074 = 
0.926. P = 0.926 110 = 102 Jb, 


1.08, 1.¢., -+-8 percent. 


= 2.16in 


The charts in Figs. 1 and 2 enable 
the spring designer to check the com- 
bined eftect of wire size and spring 
diameter allowances. Considering the 
above numerical examples indicating 
load percentage additions equal to 
+13.7 and —7.4 percent, the com 
bined effect will then become -+-13.7 
— 7.4 = +6.3 percent. The actual 
load on spring P = 110 X 1.063 
116.9 lb. With P = P., 


2 - 

"1003" 1.88 in 
These graphs can also be useful in 
determining the effects of dimensional 
tolerances applied to the coil and wire 
diameters on the load and deflection 
characteristics. In practice, the allow- 
able load and deflection deviation can 
not be higher than 10 percent for 
springs up to 4 in. in dia, 8 percent 
for 2 in. springs, and 5 percent for 

larger diameters 

(Continued on page 209) 
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@ Many of America’s leading manufacturers, 
producing a wide variety of products, are 
benefiting from Auto-Lite die cast research, 
experience and advancement. Such devel- 
opments as high pressure casting, special 
alloying practices and improved quality 
through the “controlled metals process” 
make Auto-Lite the logical source of supply 
for precision die castings. Address 
inquiries to: 


THE ELECTRIC AUTO-LITE COMPANY 


Die Casting Division 
Woodstock, Illinois 


Lockland Division, Cincinnati 15, Ohio 
600 So. Michigan Ave. 723 New Center Bldg. 


Chicago 5, Illinois Detroit 2, Michigan 
Tune In “Suspense!”’....CBS Radice Monday....CBS Television Tues. 





DIE CASTINGS © WIRE & CABLE 
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A few of the many shapes of Welded Steel Tubing produced by Armco. 


Use Armco welded steel tubing 
for streamlined strength 


Here’s the tailored “structural steel” that can give you an 


excellent combination of strength-per-pound and attrac- 


tive appearance, along with easy fabrication. 


A WIDE SIZE RANGE 


Armco produces this electric resistance welded tubing in 
hot-rolled and cold-rolled fin- 
ishes. Round tubing is supplied 


in 34-inch through 3 inch outside 


_ \ARMCO STEEL CORPORATION 


1903 CURTIS STREET, MIDDLETOWN, OHIO 
EXPORT: THE ARMCO INTERNATIONAL CORPORATION 


diameter with wall thickness range of 0.028-inch through 


0.095-inch. In addition there are square, rectangular, 
hexagonal. octagonal and special shapes. A range of coated 
tubing is made in Zinccrip and ALUMINIZED. For complete 
information on sizes, gages, tolerances and applications, 
let us send you the booklet, “Armco Welded Steel Tubing.” 


IT’S EASY TO USE 


If you are not familiar with the methods of assembling 
tubing you can become so quickly. Just write for the 
booklet. “How to Fabricate Armco Welded Steel Tubing.” 
Its 24 pages are packed with inforrzation on the various 
ways of cutting. bending, swaging, tube-end forming with 


special tools, joining and other operations on tubing. 


) 
b 


RMCO 
WY 
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CROSS-SECTION VIEWS of the interior of a metal specimen are shown on a 16 inch television type cathode ray tube, with the 
flaws showing their length and depth below the surface. The pyramid cutout section of the metal specimen is shown on the screen. 


Ultrasonic Inspection of Sub-Surface Defects 


In the contact-scanning method used 
in ultrasonic inspection of large metal 
objects, it is usually necessary to ma- 
chine or grind the surface of the metal 
before it can be inspected. With a new 
system using the B-scan technique, the 
metal is immersed in rust-inhibited 
water, and the crystal scans the metal 
without being in contact with the 
metal. The several inches of water be- 
tween the crystal and the metal makes 
it possible for the crystal motion to be 
mechanized without concern for the 
small contour changes in the metal 
being inspected. Also, the B-scan unit 
should be operated in conjunction with 
an echo type flaw detector to give the 
echo height standardization not readily 


obtained from a television type display 

The use of the mechanized crystal 
scanning allows electronic circuits to 
calculate the position of the crystal rel 
ative to the object being inspected 
Once this position is known in elec- 
trical terms, the data can be fed to a 
television type display tube. Changes 
in the hor'zontal position of the crystal 
cause simi.ar changes in the horizontal 
position of the beam in the cathode ray 
television type tube. The vertical posi- 
tion of the cathode ray tube beam is 
determined by the elapsed time be- 
tween sending the ultrasound pulse 
and the received echoes from the metal 
object being inspected. 

Ultrasound frequencies of from five 


to twenty-five megacycles are used 
lhe higher frequencies give the best 
power, because they will 
permit the distinguishing of flaws that 
to the surface. Some metals 
such as low carbon steels require that 
the frequency be kept as low as five 
megacycles. This is due to the high 
absorption of ultrasound of higher fre- 
quencies. Aluminum alloys that have 
been rolled, extruded, or forged can 
be inspected at 25 megacycles. 

The amplifying circuits that convert 
the minute ultrasound echoes into the 
large signals needed to brighten the 
television screen must have unusual 
properties. These amplifiers need si- 
multaneous high gain, broad band, and 


resolving 


lic close 
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rapid recovery from large signals. Ten 
stages of these amplifiers are cascaded 
to obtain the desired overall gain. 

The B-scan system, consisting of the 
wide band converter and the ultrasonic 
presentation unit, permit inspection of 
the specimens at a high rate of speed. 
Image persistance on a new phosphor 
screen shows the small indications, al- 
though the transverse scanning crystal 
may be moving rapidly 

Variable magnification, controlled 
by the operator, will permit the sample 
being inspected to appear several times 
greater, or long samples to be com- 
pressed to fit the v lewing screen. Data 
concerning the horizontai position of 
the trace on the viewing tube is ob- 
tained from a potentiometer turned by 
the scanning mechanism 

Cross-section views of the interior 
metal give much the same information 
as is obtained from an etched slice 
taken from the metal, but the features 
of the B-scan method are that looking 
at a cross-section is non-destructive, 
and requires about one second per slice. 

If it is necessary to present more 
than a cross-section view of the in- 
terior of the metal, the B-scan instru- 
ment can be fed auxiliary data which 
will permit a plan view and cross- 
sections of cylindrical objects to be 
drawn. 


Electrocircuits, Inc., 
401 E. Green St., Pasadena 1, Calif. 


SPECIFIED BY PRODUCT ENGINEERS 


AN JMAGE OBTAINED ON THE TELEVISION SCREEN of laminations inside a 
§ inch thick aluminum plate is shown at top. The upper-most and lower lines are the top 
and bottom surfaces of the plate. The short internal lines are the defects. The defects 
cast acoustic shadows on the bottom surface. In the illustration below is shown the 


ultrasonic search unit and its manipulator for immersed inspection. 


CHASSIS of the ultrasonic inspection units are made up of the various sub- CRYSTAL SEARCH UNIT in operating position on 
assemblies shown. This gives high circuit density, as a given sub-assembly a shear mode inspection. Either shear or longitud- 
can be removed for service. Uses frequencies from 5 to 25 megacycles. inal mode ultrasound can be induced in the metal. 


CONTINUED ON PAGE 214 
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Totally Enclosed Motor For Hazardous Locations 


Designated as type SS, and designed for services where 
dampness, dust, fire hazards, and corrosive fumes are com- 
mon, a new totally enclosed motor is self-cooling, elimi- 
nating the use of an exterior fan and heat dissipating fins. 
rhe motor also has a slinger to protect the output shaft 
bearing against dirt and water. This motor, also available 
in type SES, has been approved for explosion-proof service 
in hazardous locations by the Underwriters’ Laboratories, 
Inc. Any moist condensation that sometimes occurs in 
totally enclosed motors is caused by the “breathing’’ of the 
motor, and is released through a special drain plug. 


These new motors are available in a range from 4 to 2 hp 
(also fan-cooled to 75 hp) and will be produced in larger 
ratings. According to N.E.M.A. standards, types SS and 
SES also have such features as: modern exterior design; 
sealed terminal chamber; normalized asbestos- 
protected windings; solid centricast rotor; and special lubri- 
flush bearings which have an extra large lubricant chamber 
and provision for forcing the grease through the bearing 
for a complete purge of the old greas¢ 


castings ; 


l Motors Inc., Box 2058, Los Angeles 54, Calif. 





Small Size Multiple Rotary Switch Assemblies 


Designed especially for aircraft use but adaptable to a 
wide variety of either a-c or d-c switching applications, a 
new series of small size multiple rotary switches assemblies 
has such applications as: lighting control; aircraft landing 
gear indicators; x-ray and electronic equipment; and aircraft 
electric windshield wipers. 

One of the series is a ganged assembly of seven V3 type 
basic switches made by this company with single-pole, 
double-throw contact arrangement. Each basic switch 
measures 43 x § x 1,4; inches, and the entire assembly 
measures 14 x 13 x 43 inches. 

In its initial use as an aircraft cockpit lighting control 
of multiple circuits, this assembly has been found to 
have good resistance to vibration. The pivoted cam fol- 
lowers maiitain their adjustment, and the detent mech- 
anism assures a positive feel of each position. Cam com- 
binations can be used to give any Jesired sequency of 
circuit control or switching arrangement. 

The d-c rating of the switch, known as model 7AS71 
assembly for inductive and heater load is: 30 volt, 10 
amperes at sea level; 30 volt, 6 amperes at 50,000 feet 
altitude. The a-c rating for inductive and heater load is: 
125 or 250 volts—10 amperes. Current ratings are based 
on a maximum permissible temperature rise of 65 ( 


There are other variations of the 7AS71 assembly avail- 
able in from three to eight gang assemblies of V3 type 
single-pole double-throw basic switches and from two to 
eight switching positions at 45 degrees angular rotation 
between the positions. 

Another type of aircraft switch assembly made by this 
company is available with from one to 10 double-throw 
switching elements, all operated by a single lever 


Micro Switch, Free 


port, I/l 


CONTINUED ON PAGE 216 
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makes this coupling leak-proof : 


and easy to assemble! 
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ZERO PRESSURE UNDER PRESSURE 








Zero Pressure: The initial diame- 


The Lenz Company of Dayton, Ohio tral squeeze seals at zero pres- 
employs a Precision “O” Ring in this tube sure. Under Pressure: The ‘‘O" 
coupling to eliminate need for flaring Ring is forced to the edge of 
th Jing, welding and soldering. Nut fits the groove—the higher the 
loosely on tube for quick, easy bly. pressure, the tighter the seal! 
Efficient sealing does not depend on tight- 
ness of the nut. A Precision “O" Ring 
makes the seal—and the higher the pres- 
sure, the tighter the seal. 

Everyone is finding Precision ““O"" 

Rings the best answer to many sealing 
problems .. . and they are finding, too, 
that Precision leads the field in engi- 


FREE—Write for your personal copy of cur Handbook on “'O"’ Rings. 
i, r | 
recision Rubber Products 
me: CORPORATION 22ers 


- 


and Dyna-seal Specialis?: 


De t. 3, Oakrid e Drive Da ton 7 0. Canadian Plant at: Ste. Thérése de Blainville, Québec 
if ’ 
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Combination Air Pressure Regulator And Filter 


Line pressures up to 150 psi can be reduced and main- 
tained at any regulated output pressure from zero to 35 
psi without appreciable drift or air consumption in a new 
combination pressure regulator and filter. The new unit 
has an end cap that houses the filter and forms the dripwell, 
and has a connection for mounting a pressure gage. 

Functionally, the circuit of the new regulator is similar 
to an earlier model, both operating on the pneumatic- 
balance principle. In the new unit the diaphragm chamber 
is isolated from the output passage, then joined with a small 
feedback passage. The construction prevents the full volume 
of output air from impinging on the diaphragm before leav- 
ing the regulator, helping to eliminate buzzing. The design 
also permits guidance of the pilot stem to give positive 
seating against the supply and exhaust ports, minimizing 
air consumption. 

The regulator can be manually set to control output air 
pressure at any value from 0-35 psi. When the force of 
the spring on one side of the diaphragm is balanced by the 
pressure on the other side, the exhaust port is closed and 
the supply port is open wide enough to maintain the regu 
lated pressure at the selected value. A change in knob 
setting increases or decreases the force of the spring, caus- 
ing unbalance. The supply or exhaust port then opens to 
change the regulated pressure so that it again balances 
the spring force. At this point the exhaust port again 
closes and the supply port takes the proper position to 
maintain balance. Also, when a change in supply pressure 
or in flow demand causes unbalance, the regulator acts to 
return the regulated pressure to the set value. 

The maximum dimensions of the new integral unit are 
approximately 9 in. and 34 inches. It has three main 
sections: (1) a bonnet which houses the adjusting stem 
and loading spring; (2) a center ring containing the pilot 
stem and the port seats, and (3) an end cap which holds 
the filtering element and forms a sediment chamber. 


With an input pressure of 100 psi and the output pres- 
sure regulated to 20 psi, the unit has a maximum air 
capacity of about 12 standard cu. ft/minute. The unit can 
be either pipe line or flush panel mounted. 

Minneapolis-Honeywell Reg. Co., 
Wayne G Windrim Aves., Philadelphia 44, Pa. 





Midget- Type Industrial X-Ray Machine 


Less than half the size and less than } 
of the conventional quarter-million-volt unit, a midget-type 
industrial 250,000 v x-ray machine is capable of x-raying 
steel up to 34 in. in thickness. The unit is light weight 
and mobile, and can be carried around to foundries, welding 


the weight 


shops, shipyards, building projects, and on other jobs. It 
is less than 15 in. in dia. and 44 in. long; and weighs 150 !b 
as compared to 1,150 lb. for conventional units. — 

A feature of the unit is its protrucing “snout’’ from 
which the x-rays are emitted, making it possible to take 

inside-out” x-ray pictures. Its first use has been in ship- 
yards where it is used to inspect welded seams arid stressed 
areas in ships during and after construction. 

Operating at from 75,000 to 250,000 volts, the new 
unit can be used on anything from magnesium to steel. 
Use of the machine on light metals is also aided by the 
beryllium “window” of the x-ray tube, which allows the 
escape of softer, less penetrating x-rays from the tube. 


General Electric Co., 4855 Electric Ave., Milwaukee 14, Wis. 


CONTINUED ON PAGE 219 
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24-HOUR PROTECTION 
New Norgren Automatic-Drain Filter 


AUTOMATICALLY cleans the air 
AUTOMATICALLY drains the filter 
INCREASES air power efficiency 


REDUCES air line and equipment 
maintenance costs 


LOW PRESSURE DROP! 


25 MICRON FILTER 
64 MICRON FILTER ay = 
74 MICRON FILTER — 
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Excessive pressure drop meons inefficient air equipment performance 


slowdowns in production, unusually high compressed oir costs 


AUTOMATIC—WITH OR WITHOUT AIR FLOW 


Now you can have dependable, around-the-clock protection against damaging 
results of moisture in your compressed air lines — without attention. This amazing 
new Norgren Automatic-Drain Filter efficiently removes solids and liquids from 
air lines. And the drain operates automatically under constant or fluctuating air 
pressure, with or without air flow. Thus, it extends equipment life, reduces main- 
tenance costs, improves equipment performance. 


SIZES: for 4", 4”, 2” air lines 
FLOW: 0-35 cfm 

PRESSURE: 30 - 150 psi 
TEMPERATURE: -+-40° to +-120° F. 


3428 So. Eloti St., Englewood 
WRITE NOW FOR COMPLETE DATA i Conean conanene 


Valves @ Filters © Regulators @ Lubricators © Hose Assemblies 


PIONEER AND LEADER IN OIL FOG LUBRICATION FOR 25 YEARS 
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for reliable solutions to your 


mechanical sealing and protection 


problems 


SIRVENE 


SCIENTIFICALLY 
COMPOUNDED 


ELASTOMERS 
(Synthetic Rubber) 


When you need an oil-resist- 
ant, pliable part with an 
exact degree of flexibility, 
hardness, resistance to ex- 
treme temperatures, fluids, 
gases, abrasion and wear... 
whether it be an intricately 
designed diaphragm or boot 


. Or a simple but critical 


packing or gasket ... Sirvene 


will serve you dependably. 


Write for 
“Engineering with Sirvene” 





SITVIS 


MECHANICAL 
LEATHER PRODUCTS 


Actual tests prove Sirvis 
packings require less re- 
placement than any other 
type. Made in a complete 


line of cup, flange, U and V 


types from specially treated 


and tanned steerhide. Avail- 
able in special designs, 
scientifically engineered to 
solve unusual situations. 


Write for 
Sirvis Mechanical Leather Catalog 














Ob Seals 
The ‘‘Perfect’’ answer to 
fluid retention, moisture 
and foreign matter exclu- 
sion, and similar mechanism 
protection problems. Used 
more than any similar de- 
vice in motor vehicles, 


industrial machines, farm 


implements, and road ma- 


chinery. Stocked in over 
1800 sizes, covering 16 dif- 
ferent types 


Write for 
“Engineering with C/R Oil Seals” 
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Automatic Solenoid Valve Eliminates Shock 


The main feature of a lin A valve siston to the closed piston and 


trically operated valves is the adjust Operating pressures a yne t t] f pressure holds the valve 
able timing on the closing stroke, 300 psi for oil, water, air, gas, an losed 


which is available on all valves to 300 steam. Sizes are: 4, 32, 1, , anc rhe other type of vals 


shown is the 
psi. This eliminates shock on supply inches type HP-SS-X, made of stainless steel 
lines, particularly on hydraulic opera- To open: when vailable for special applications 


tions. This timing on the closing valve _ plied, the plunger lifts the pilot valy ressures are to 3,000 psi in a size of 
would take a maximum of 30 seconds, (P), relieving the pressure on top of 14 inches. Another valve with pres 
with the line pressure being th the piston through pilot seat orifi res to 3,000 psi is the model HP 
main actuating force Since this orifice is larger than uC alve requires a relay to protect 

Other solenoid valves ar vailable iming screw orifice (B), pressut rim coil 
for pressures up to 3,009 p Th 1 the wer side the piston i odel a : 


winding. Sizes in 
. ] P ith 
;, and one in., with 


ressur pen ne in. size having a 3 in. port 


’ 
valves are packless, and are designed gre: and tl p 
to handle hydraulic operations, oil, 


ndard « are paper insulated, 
water, steam, air, gas and anything q lose curr s cut-off vacuum impregnated, and baked for 


not harmful to bronze. All parts are Pilot valve (P) uf 

accessible without removing the valve (A), causing pressur¢ to equaliz 

from the lin and below the pi 
The cutaway vi is that of the type he timing orifice (B). Thi spring 


sistance Glass insulate d 
le for high temperatures 
ston through 





mounting and | ri l condu n A PUTTY-LIKE COMPOUND that comes 


ther wattag to the mounting a roll and applies like tape is d 
PI | 


limitations are availabl 3 and = signed to insulate, pad sharp edg 
aluminum ss! 3 in. Siz ; f ind fill voids 


around irre gular shap d 
cooler operating 


onnectors. It has a dielectric strength 
greater d ssipation of Iver ( 1 n ns and co 50 volts per mil, and insulation 

itact with the cerami a cous ename Mil resistar of 100,000 megohms. Min 
s attached to the ends of vauke Resistor Company nesota Mining & Mfg. Co., 900 Fau 


it easy stack ‘irginia St., Milwauke j r St., St. Paul 6, Mins 





CONTINUED ON PAGE 220 
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New Pulse Generator In Ignition System 


Based on the development of a new design of pulse 
generator, which, like the magneto, is a device tor the timed 
firing of fuel mixtures, a new self-powered ignition system 
is capable of producing output potentials up to 30,000 
volts. Said to give more efficient operation of high-com 
pression natural gas engines, it will allow engines to run 
at least 6 months without shutdown, even for spark plug 
inspection 

The new generator is designated as the Pulse Generator 
MGC. It measures approximately 11} in. in dia and stands 
about 124 in. above its mounting, supplying timed low 
tension electrical pulses which are stepped up to the re- 
quired spark potential by means of cither single or double 
ignition transformers mounted on each cylinder near the 
spark plug or plugs. The ignition transformers are model 
CLQ (single-spark) or model CLP (two-spark) types 
designed for use with the pulse generator. They are her 
metically sealed, oil filled, and have closed cores 

In the pulse generator, no breakers are in operation dur 
ing running and no distributor is used. Breakers are used 
for starting only, and are automatically retracted mechanic- 
ally during normal engine operation. Other features include 
the fact that at operating speeds the rotor and two ball 
bearings are the only moving parts. At cranking speeds the 
generator performs as a conventional large magneto. Use 
of breakers during cranking makes a high voltage spark 
available 

The magnet rotor is a built-up assembly consisting of a 
single large Alnico V magnet with laminated pole shoes 
Balance is accomplished by a suitable counterweight. Two 
heavy duty fully sealed ball bearings support the rotor, 
which is provided with a 16-tooth 20/40 pitch external 
involute spline at the drive end and a single dwell hardened 
steel cam at the breaker end. 

The laminated stator assembly is positioned between a 
flanged cast iron drive end housing and a cast iron rear 





housing. The breaker plate is mounted on the rear housing 
The individual coil leads are carried to a terminal plate 
The breaker lift plates are retracted from the cam by a 
control plate actuated by an arm mounted on the breaker 
cover. 

A spring return device will hold the breakers in the 
“inoperative” position during normal running. Either gear 
or coupling drive may be used with the unit. 


American B h Corp., Springfield, Ma 





Wide Range Measurement of R, C, and L. 


Featuring four bridges in one instrument, new impedance 
bridges are compact instruments for the measurement of 
resistance, Capacitanc2, and inductance over a wide rang 


Accuracy for the bridge is: 
pac itance, 


resistance --0.10 percent; ca 
£0.25 percent; inductance, 1.0 percent 
Measurements can be made over ranges: Resistance: 1 
milliohm to 11 megohms; Capacitance: 1 micromicrofarad 
to 1100 microfarads; Inductance: 1 microhenry to 1100 
microhenrys; Storage Factor of Inductors (Q) 0.02 to 
1000; Dissipation Factor of Capacitors (D) 0.001 to 1.0. 
The Model 850-B Amplifier is battery operated for port- 
able field use. The model 855-Al Amplifier-Oscillator 
converts the bridge for a-c power line operation and pro- 
vides both d-c and a-c generator voltages in addition to 
null amplification and visual null indication. With this 
unit, a precision of balance of better than 0.02 percent is 
possible on most measurements. Overall size of the bridge 
complete with amplifier is 9 in. x 11 in. x 11 inches. 
Brown Electro-Measurement Corp., 
4635 S. E. Hawthorne Blvd., Portland, O. 


CONTINUED ON PAGE 222 
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eeethan your handy CRANE catalog 


Faced with a piping problem? Turn then to your handy Crane 
Catalog and see how quickly you find the answer. 

For within the 600 pages of this valuable book is full informa- 
tion on the world’s most complete selection of quality piping ma- 
terials—sizes and dimensions, tabulated pressure and temperature 
ratings, design, material and construction details, plus recom- 
mended applications. And it's all there indexed and arranged to 
save you time. In addition, you'll find an abundance of general 
engineering information. 


Yes, specifying from your Crane Catalog is easier, quicker and YOUR BEST BRASS CHECK 
also safer because you are specifying the finest piping available SS 
anywhere—piping that is recognized by machinery buyers for its 300 pound class—is this regrind- 
dependable service and long range economy. ing-type Swing Check Valve. Of 

simplified Y-Pattern design with a 
sturdy body of Crane Special Brass, 


NO BETTER SOURCE OF QUALITY it assures smooth flow with mini- 


mum resistance, and fast action in 
«+» THAN THE COMPLETE CRANE PIPING LINE _ backflow. Easily reground without 
removing from line. Screwed end 
sizes from V4 to 3-inch; Flanged 
end sizes from 1 to 3-inch. 





alge | ae CHECK 
4 {- 2 ee eee | me VALVES 
SEDIMENT [= rs a —_ 
SEPARATORS eo ¥, Spray Type Deaerating System by 


Mf 


fy 


GATE ‘ Fred H. Schaub Engineering Co., 
VALVES Chicago, llimois 
_ f ‘@. } 





The Complete Crane Line Meets All Your Valve Needs. That’s Why— 
More Crane Valves Are Used Than Any Other Make! 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES = FITTINGS + PIPE = PLUMBING + HEATING 
Product Engineering — March, 1953 221 
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Portable High Current Test Unit 


The principle uses of the new model 1005 include test- 
ing and calibrating: oil circuit reclosers, CSP transformer 
breakers, sectionalizers, branch (secondary) circuit breakers, 
motor overload relays, current transtormers, instruments, 
and overcurrent relays of the “CO” type. 

Model 1005 is rated at 2.5 kva output; 220 V, 12 amp 
(max.) input. The output can be adjusted from 0 to 
1,000 amp in eight ranges: 0-12.5, 0-25, 0-33, 0-50, 0-100, 
0-250, 0-500: and 0-1,000 amperes. The corresponding 
terminal voltages are fully adjustable from zero to 115 
percent of: 200, 100, 75, 50, 25, 10, 5, and 2.5 volts. 

The input to the unit is protected by a circuit breaker 
which also protects the supply line and serves as an on off 
switch. A fuse is used in the circuit between the variable 
auto-transformer and the special “step” transformer. 





Multi-Amp Corp., Harrison, N. J. 





Back-Up Washers for Hydraulic Systems 


Teflon spiral back-up washers which are used in con- 
junction with O-ring seals have application in the prevent- 
ing of extrusion of O-ring seals in hydraulic systems oper- 
ating above 1500 psi, at temperatures in excess of 200 F. 

The reason for this is said to be the properties of Teflon 
which offer such advantages as: (1) withstanding continu- 
uous Operation at temperatures from —110 F to 500 F; (2) 
reducing friction and abrasion on the O-ring and there- 
fore increases the life of the entire assembly; (3) washers 
are non-fraying and are inert to all oils. 

The washers are machined to close tolerances form Fluro- 
flex-T tubing, said to be of uniform density and tensile 
strength, and stress relieved to provide dimensional stability 
of washers in storage as well as in service 

Washers are available in sizes from —1 to —31 (2} 
in. outside diameter) which corresponds to the dash num- 
bers of AN 6227 series O-rings 


R 





Sensitive Electrokinetic Pressure Transducer 


By using the streaming potential developed by a polar 
liquid flowing through a porous plug, a new electrokinetic 
transducer has a high sensitivity means of measuring fluctu- 
ating or transient pressures over extended ranges of both 
amplitude and frequency. In the shape shown, the case 
may be bafflle mounted for measuring air blasts up to 100 
psi, or adapted to measure pressures in pipes or tubing 

The unit provides a sensitivity of 250 millivolts per psi 
at a resistive output impedance of less than 100,000 ohms. 
The frequency response at the diaphragm extends from 
0.25 cps to above 30 kc. The type 3 pressure transducer 
requires no external power source and the sensitivity at 
midband frequencies is unaffected by cable length. Noise 
level equivalent of well below 5 x 10°5 psi makes is possible 
to measure sound pressures as low as 104 psi. 

The Beta Corp., P. O. Box 8625, Richmond 26. 1] 
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Manufacturers of HOLTITE Fastenings For Every Purpose 





CONTINENTAL SCREW COMPANY, NEW BEDFORD, MASS., U.S.A. 
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Air Cartridge Unit Applications 


Practical 
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Concentricity 


























Flatness 








Air Gaging Device Has Wide 


Checking such factors as squareness, 
height, contour, concentricity, flatness, 
and depth, are some of the applications 
of the air cartridge unit. Used with 
Air-O-Limit gages, also developed by 
this company, this gaging device can 
be used in both single and multiple 
station fixture-type gages in the same 
manner as dial indicators are used. 

The unit consists of a plunger with 
a contact point on one kaa a stain- 
less steel ball on the other end oper- 
ating with axial movement in the cart- 
ridge body. Air flow through the 
cartridge unit is restricted by the ball 
on the plunger operating in a tapered 
hole in the body, setting up back pres- 
sure required to operate the Air-O 
Limit gage. A contact of three ounces 
is all that is needed to operate the unit 


Internal and external average diam- 
eters can be checked by using multiple 
cartridge units in a gaging plug or 
ring. Large diameter parts having 
broad out-of-round tolerances that 
must be checked for average diameter, 
can be measured by using these air 
cartridge units in multiple. 

The unit can be applicd to machine 
tools to indicate runout. As a direct 
size indicator it will give an indica- 
tion as the finished dimension is ap- 
proached. 

Height gage applications in connec- 
tion with surface plates, can be made 
by mounting the cartridge unit on a 
height gage stand and using it in con 
junction with a comparator 

The broad scale air cartridge unit, 
is correctly calibrated by means of a 


Application 


set of minimum and maximum feeler 
gages, eliminating the necessity of cali- 
brated masters. Once magnification is 
established with the feeler gages it 
may be applied to any fixture and 
zeroed with a setting master. 

The unit measures 1} in. long and 3 
in. in diameter. The back of the unit 
is threaded to fit the standard Natvar 
tubing for connection to the com- 
parator. 

Standard air cartridge units are made 
primarily for coarse tolerance work 
and are available in three magnifica- 
tion ranges operating on total scales 
of 0.010 in., 0.015 in., and 0.020 inch. 
However, units can also be furnished 
for total scales ranging from 0.0006 
in. up to 0.003 inch. 


Pratt & Whitney, West Hartford 1, Conn. 





A COMPLETELY PACKAGED, easily in- 
stalled, general-purpose photoelectric 
counter for all industrial counting ap- 
plications, consists of a photoelectric 
control, light source, and _ electric 
counter. The only piece of equipment 
located at the point-of-count is the 
control and light source. One or more 
electric counters may be placed at any 
convenient location and wired to the 
control, making remote counting pos- 
sible. Photoswitch Inc., 77 Broadway, 
Cambridge 42, Mass. 


A FAST DRYING MARKING INK has wide 
use where materials are to be marked 
permanently, as the ink will not chip 
or peel, and is unaffected by heat and 
weathering. The ink is good for mark- 
ing rough castings, bar stock, ma- 
chinery, jigs, tools, dies, fixtures and 
plates. It is also used on forms in 
preboarding operations in the textile 
industry and in other industries. Dif- 
ferent size tube applicators, and six 
different colors are available. John P. 
Nissen, Jr., Co., Glenside, Pa 


LARGE-CAPACITY HEAVY DUTY CEN- 
TRIFUGES for the operational testing 
of components and assemblies under 
high centrifugal and acceleration loads, 
will test components or. complete 
assemblies ber up to 600 Ibs., at 
centrifugal loadings of 60 g’s with 
proportionately higher loadings for 
smaller test specimens. Test specimens 
up to 6 ft long and 24 in. in section 
can be accommodated. Variable speed 
regulation is possible. The won 
Co., 4228 Hollis St., Oakland 8, Cal. 
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Wagner Electric reports “Long Life” when transformer 


leads are insulated with TERAFLEX 105 


Lengths of Irvington’s Temflex 105 Plastic Insulating Tubing are 

quickly and easily slipped over transformer leads at Wagner Electric 
Corporation. And once they're in place, they're there to stay through 
the toughest service. 


This product of Irvington’s Fibron division is approved by Under- 
writers’ Laboratories for continuous operation at 105° C.—and for 


leek te 
90° C, operation in oil. IRVINGTON 
f for Insulation Leadership 
Temflex 105 Tubing retains its original high dielectric strength of INSULATING VARNISHES 


1100 vpm, its flexibility and excellent elongation characteristics even VARNISHED CAMBRIC 
after continuous high-temperature operation, varnishing, baking or VARINSHED PAPER 
immersion in chemicals. ae Cee 

INSULATING TUBING 
Produced in all standard colors, readily identified by the continuously CLASS “HM” INSULATION 


printed name on the smooth tubing surface. Identify it by name 
when you buy! 


A Technical Data Sheet is yours for the asking —just mail the coupon. 


Send this convenient coupon now : Irvington Varnish & Insulator Co. — 


10 Argyle Terrace, Irvington 11, N. J. 


* 
Gentlemen: 
Please send me Technical Data Sheet on 
Temflex 105 Tubing. 


Name Title 
VARNISH & INSULATOR COMPANY Capen 
10 Argyle Terrace, Irvington 11, New Jersey Sereet 
Plants: Irvington, N. J.; Monrovia, Calif.; Hamilton, Ontario, Canada 3 City 
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Hydraulic High-Pressure 


Control Valve 


With a low diiferential between opening and closing pres 
sures, a new two-inch hydraulic relief valve is built to pro- 
vide pressure control up to 5000 psi, with volume capacities 
up to 125 gpm. The low differential results in faster action, 
closing pressure control, and a reduction of over-pressur¢ 
and pressure-drop conditions 

Greater efficiency, resulting in better circuit operation, 1s 
said to be possible by the close fit of all sealing surfaces 
within the valve body, reducing leakage to almost zero 
Pressure setting is adjusted by a knurled screw on the valve 
cap, with provision also made for remote control of this 
regulation 

Known as the Hydroilic relief valve, the valve is fur- 
nished with either threaded body or for subplate mounting. 
While in the average hydraulic circuits, the flow limits the 
volume capacity of the relief valve, the manufacturers 
claim that with this new valve, greater than normal volume 
can be controlled, if the valve is Td off the pressure line; 
then oil flows through the valve only when relieving the 
circuit in excess pressure setting 

When using the subplate type mounting, the relief valve 

ssarily T’d off the pressure line, because of its design 
[he piping is connected to the subplate and the valve is 
mounted on the plate. This type of installation provides 
1 means of removing the valves at any time without having 
to break the pipe connections. And, in cases of higher 
pressure installations where heavy pipe is required, the dis 
tortion caused by the threading of pipe is eliminated. For 
more information on this and other relief, sequence, and 
unloading valves for high-pressure, write to the manu 
facturer 





Consisting of an electronic adjustable speed control unit 
driving a series motor, a packaged electronic variable speed 
drive for fractional horsepower motors has a wide, stepless 
range of speed control with good speed regulation under 
varying loads. With an optional dual range feature, speeds 
from 100 to 3500 rpm are available. The motor can be 
started, stopped, or dynamically braked, and can be rapidly 
.ccelerated to preset speeds. 

Using the series motor insteac, of the shunt motor makes 
use of both the a-c and d-c output from a single thyratron 
tube, and it is claimed that this results in higher speeds at 
medium torque, higher starting torque at slow speeds, and 
longer tube life. 

As a pilot device, a push-pull selector switch will be 
used. The manufacturer states that where multiple opera- 
tions are involved, this will give single point control and, 
in addition, will conserve space. 

Inherent compensation is 10 percent of line voltage and 
5 percent of speed, but full voltag compensation is also 
available as an extra feature 


] frrow-Hart G Hegeman Electric Co. 
103 Hawthorn St., Hartlord 6, Conn 
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Gotf-locking factenore 


Lottie Gp nuts Rollpins 


HEX NUT HIGH TENSILE NUT 
SPLINE NUT 
dia. from 1/16” to 1/2” 


CUNCH NUT 1200° F. HIGH-TEMP. NUT 


Rollpins are slotted, tubular steel, pressed-fit pins 

with chamfered ends. They drive easily into holes 

drilled to normal tolerances, compressing as driven. 

Extra assembly steps like hole reaming or peening 

GANG are eliminated. Rollpins lock in place, yet are read- 
CHAMOEEL COTS ee ily removed with a punch and may be reused. 


. : Cut assembly costs by using Rollpins as set 
Every major aircraft now being assembled relies on the 
vibration-proof holding power of ELASTIC STOP nuts. erage : 
Only ESNA manufactures a complete line of all types Specify them in place of straight, serrated, tapered 


and sizes of self-locking nuts. or cotter type pins. 


screws, positioning dowels, clevis or hinge pins. 


if 
ELASTIC STOP NUT CORPORATION oli 
OF AMERICA f %/ tes 


a ee ee GF 


Elastic Stop Nut Corporation of America 
Dept. N34-32 Vauxhall Road, Union, N. J. 


Please send me the following free fastening information 


C) Elastic Stop Nut Bulletin C) Here is a drawing of our 
product. What fastener would 


] Rollpin Bulletin 
you suggest? 


() AN-ESNA Conversion Chart 
Name_ ' : —— Title 
Firm_ 

Street__ 


a ————— —— State_ 
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Fractional HP Variable Speed Motor Pulley 


The new operating principle of the Var ‘A’ Cone vari- 
able speed pulley permits the use of standard “A’’ section 
belt. The telescopic feature of movable disk eliminates 
interlocking disks, reduces belt wear and vibration, and 
permits variable speed changes within 23 to 1 ratio. 

Easy to install and maintain the Var ‘A’ Cone adds 
variable speed economically to equipment in the light 
horsepower field such as lathes, saws, drill presses, blowers, 
and packaging machinery. It also adds further economy 
by multiplying belt life because the pulley disks are smooth 
all the way to the minimum pitch F sans Bg Speed chang« 
is made while the equipment is running. 

The variable speed pulley is machined of cast iron. No 
lubrication is necessary, as bushings are of the oil-impreg- 
nated type. Through shaft mounting is also possible. The 
unit is rated up to 3 hp at 1750 rpm., and at 4 hp at 
1160 rpm. Maximum pitch dia. is 4.75 in., and min. pitch 
73 inches. Motor travel is 23 inches. 

The design of this unit comprises three basic units: The 
stationary disk; the inner sliding disk; and outer sliding 
disk in addition to the usual spring and spring cover. 

To allow the outer sliding disk to bring the belt to the 
maximum pitch diameter, the inner sliding disk recedes 
within the outer sliding disk cavity. As the pulley opens 
and the pitch diameter decreases, spring loaded pins con- 
tained within the inner sliding disk are forced out of a 
groove in the shaft and into a groove in the sliding disk, 
thus making the inner and outer sliding disk one unit 
This allows the belt to ride on a smooth surface to the 
minimum pitch diameter without interruption. 

When the pulley closes, the pins fall back into the groove 
in the shaft, releasing their hold to the outer sliding disk, 
permitting the belt to move to the maximum pitch diameter 


dia. is 1 


mani: 


Gerbing Mfg. Corp., Northbrook, Ill. 





Repeat Cycle Timer 


An electronic repeat cycle timer suitable for regulation 
of automatic machinery, sampling, valve pacing and heat 
sealing as well as laboratory testing, uses a single electron 
tube to charge a resistance-capacitance network so that “on” 
cycles are adjustable from 0.2 to 200 seconds, and “off” 
cycles range from 0.1 second to 1 minute. Operation is 
such that one cycle initiates the next cycle without any 
moving parts or external operation. 

The unit is supplied in a sloping steel front cabinet, 6 in. 
x 6 in. x 6 in. for Operation on 105-120 volt, 60 cycle a-c. 
Output is supplied to a double pole double throw relay for 
noa-inductive loads up to 10 amperes at 115 volts or 2 
amperes at 460 volts. Relay contacts are wired to a plug or 
a terminal strip to simplify installation, and are resistant to 
shock and vibration. 

Applications in which the timer has been used include: 
refluxing; sign flashing; filter cleaning; heat cycling; life 
testing; food processing; sampling; electro plating; plastic 
molding ; mixing machines; bag filling; bottle filling; valve 
metering; photo printing; tube testing; and flight testing. 


G. C. Wilson & Co., 2 North Passaic Ave., Chatham, N. J. 


Has Wide Use 


C.C. WILSON ‘@ PL) 


JOrr CYCLE SYNCH OW CYCLE 
\ . . r7 ‘ . . 


| 
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Modernize by Motorizing! 


RIGHT ANGLE to a grinder problem 


BEARINGS USED... 


with the exception of the two, felt 


sealed radial bearings on the idler pulley, all bearings ore 
standord radial, filling-slot type bearings. 


Here’s an idea that may be helpful to you, if you have a 
problem of motorizing a belt-driven machine. It has already 
extended the useful service life of a grinding machine by 
eighteen years ... and the machine is still in operation. 

Building the drive around the motor seemed to be the best 
way to convert the grinder. This right angle arrangement 
includes nine Fafnir Ball Bearings . . . all grease lubricated. 
Speed range of drive, 160 to 720 r.p.m, During World War 
II, the converted machine was in operation 24 hours a day 
+++ now it’s on two, 8-hour shifts daily. No bearing replace- 
ments have been made since the conversion. 

Here’s another example of the Fafnir “attitude and apti- 
tude”... a way of looking at bearing problems from the 
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user’s viewpoint, an aptitude for providing the most effective 
solution based on more than 40 years’ experience. Whatever 
your bearing problem, a few minutes spent with a Fafnir 
Representative may help you solve it successfully. The Fafnir 
Bearing Company, New Britain, Conn, 


FAFNIR 


BALL BEARINGS 


MOST COMPLETE | LINE IN AMERICA 


NX J 


a 
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Lube niet 


Accessory 
drive 


Lube / outlet ——~ 


Three Element Lubrication Oil Pump 


For gas turbine engines, a combination of two pressure 
pump elements and one scavenge pump element is con- 
tained in one main lubricating oil pump. Supplementing 
the three elements and adding to the utility of the pump, 
the housing contains a mounting pad for a tachometer or 
other accessory drive. 

Only two external ports require pipe connections, and 
internal — of three remaining oil circuits is accom- 
plished through direct contact of pump ports with internal 
circuit connections of the engine. 

The rated capacity of each pressure element is 2.5 gpm; 
and 6 gpm for the scavenge element. Rated speed is 4200 
rpm with discharge pressure of 60 psi and rated inlet — 
sure of 25-30 in. Hg absolute. Rotation is counter clock- 


wise viewing the spline drive end. The pump requires 
3} hp for operation. 

Operating range is 350 to 5000 rpm with suction inlet 
pressures to 3 inches Hg absolute. Temperatures to —65 F 
are met through use of jet lubricating oil, grade 1005 ( MIL- 
0-6081), as the pumping medium. Each element is a 
positive displac ement, non-pulsating, rotary vane type. Each 
of the two pressure elements displaces 0.150 cu. in./rev. 
and the scavenge element 0.367 cu. in./revolution. 

The pump contains no valves, shaft seals or packings, 
except a shaft seal at the accessory mounting pad to pre- 
vent oil leakage. Other features are long life and mini- 
mum maintenance. Total weight is 3.5 pounds. 


Lear, Inc., Romec Div., Elyria, Oi 





High-Voltage Ceramic Capacitors 


Voltage ratings of from 1 to 20 KV are now made 
available in ceramic capacitors of the slug, disk, plate and 
tubular types. 

In the new slug type utilizing thick disk dielectrics, the 
strength of the capacitor is increased by a jacketing pro- 
cedure with a new plastic having good arc-resistant prop- 
erties. Terminais are silvered brass soldered to silver elec- 
trodes and fired directly to the ceramic dielectric. Insulation 
resistance is about 50,000 megohms. Working voltage is 
20,000 d-c, and flash test 27,000 V d-c. 

The high-voltage disks are available in various capaci- 
ties and voltage ratings. The high-voltage tubulars have 
been developed specifically for use in horizontal sweep and 
deflection sections of TV receivers, and come in standard 
capacitances from 4.7 to 1000 mmf., voltage pulse ratings 
of 1 to 7 KV and capacity tolerances of +5 percent. 
Physical sizes are based on operational specifications. 


Aerovox Corp., Hi-Q Div., Olean, N. Y. 
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Bower sphero-honed design provides 
eller Dearing lubrication 


y GOWER. 


Sk 


The large oil groove built into Bower Spher-O-Honed 
bearings is just one of several important Bower design 
features which reduce maintenance and increase effi- 
ciency. Combine it with generated spherical roll-heads 
and a higher flange surface, and smooth, 
honed races, and you have the basic elements of 
Spher-O-Honed design. 


precision- 


A careful look at the illustration above will show you 
other important Bower features, too, Note particularly 


LARGE 

OIL GROOVE 
GIVES POSITIVE 
LUBRICATION 

TO ROLLER HEADS 


that the roller heads contact the flange over a wide 
two-zone area 
resultant 


thus reducing wear and minimizing 
“end play.” 


Built of the highest quality materials and workmanship, 
Bower bearings are available in a complete range of 
sizes and types to meet your present requirements. 
Call ina Bower engineer now! 


BOWER ROLLER BEARING COMPANY @ DETROIT 14, MICHIGAN 





BOWER, 


&j &£ & R 
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A COMPLETE LINE 

OF TAPERED, STRAIGHT 
AND JOURNAL 

ROLLER BEARINGS 
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Production Comparator Reduces Testing Time 


The Production Comparator is a differential-type vacuum 
tube voltmeter which indicates differences between the 
magnitudes of two a-c input voltages, audio or ultrasonic. 
Usually, one input is applied from a production unit under 
test, while the other input is applied from a similar unit 
whose performance represents design objectives. The com- 
parator difference-reading measures deviations between the 
responses of the two units. There are two meter scales, a 
linear scale calibrated in percent, and a logarithmic scale 
calibrated in decibels. 

The instrument consists of two vacuum-tube voltmeter 
circuits which are exactly matched. Their outputs are recti- 
fied and are applied to a differential meter circuit so that 
the meter reads the difference betwecn the inputs. The 
voltages are rectified before they are pla rs and the 
reading is unaffected by the relative phase or frequency of 
the input. 

The comparator is adaptable to almost any repetitive 
testing in which the responses can be made proportional 
to a-c voltages, linear or nonlinear, low or high frequency. 
The comparator accuracy is +14 percent. The normal meter 
range is +40 percent, with a minimum detectable difference 
of +14 percent, though both range and sensitivity can be 
increased. 

Typical applications are: (1) comparing amplifier, equal- 
izer, and filter responses; (2) as a limit bridge for selecting 
or matching resistors, capacitors, or inductors; (3) compar- 
ing inductors carrying d-c; (4) comparing magnetic modu- 
lators; (5) comparisons at radio frequencies; and (6) com- 
paring mechanical vibrations. 

Frequency response, 10 cycles to 200 Kilocycles; Accu 
racy, over the audio frequency range of 20 to 20,000 cycles 
any error in comparative readings is less than 1/20 of the 
indicated difference value; Input voltages, ranges of 0.5, 1.5, 
5 and 15 v for full scale meter deflection at +40 percent 
difference; Input impedance, 14 megohms in parallel with 


50 mmf, two separate shielded input circuits for the stand- 
ard unknown units. 

The values marked on the range switch are nominal 
and indicate approximately the voltage required to deflect 
the meter to the red CAL line. These values, 0.5, 1.5, and 
15 v, are sufficient for most production testing purposes. 
It is necessary to select as standard one of these test voltages 

Hermon H 


mer Scott, Inc., 385 Putnam Ave., Cambridge, Ma 





Vacuum Switch Operates As Warning Control 


Designed for use with electric motors and gasoline 
engines, a new vacuum switch has industrial, marine and 
manufacturing applications as a circuit breaker or control 
where the safety of equipment depends on a suction- 
delivered lubricant, fuel, water or similar liquid. 

Called the Vac-on switch, it also serves as a warning con- 
trol where operating conditions depend on: a vacuum; 
vacuum firing in ceramics manufacture; or the protection of 
materials in a vacuum. 

The switch mounts on the suction line and is wired into 
the power supply on electric motors, or the spark system on 
gasoline engines. When suction falls below a predeter- 
mined negative pressure, approximately 1 in. mercury, the 
switch automatically cuts off the motor or gas engine. 

Operating on a spring loaded, rubber diaphragm prin- 
ciple, the vacuum switch has silver contact points. The 
model will operate on electric motors up to 2 hp on a-c 
and 4 hp on d-c. The gas engine model is designed to 
short out the spark plug in event of liquid supply failure. 
A hand lever is used on the switch for manual restart. 


Jaycon Associates, 404 N. Washington Ave., Minneapolis, Minn 
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METAL 
POWDER 
PARTS BY 


MORAINE After more than a quarter-century spent in making metal 
powder parts—billions of them—we feel we have amassed 
an impressive combination of knowledge and experience. And— 
more important—we continue to learn! The physical propeities of 
our metal powder parts continue to improve; customers are offered 
an eve;-widening choice of materials; parts are produced for ever- 
widening applications. Yes, we’re proud of our position in the field 
of powder metallurgy . . . proud of the way in which our products 
continue to serve by improving performance and lowering costs. 


moraine 
products 


DIVISION OF GENERAL MOTORS CORPORATION «+ DAYTON, OHIO 
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Automatic Control of Flow or Liquid Level 


Equipped with a device known as the Conoflow control, 
a Vari-Speed Motodrive unit may now be used for such 
specialized applications such as automatically controlling 
flow or liquid level in tanks. 

The control may be adapted to such applications where 
the control or indicators are remote or complicated, such 
as heat control, humidity control, liquid level, and flow 
proportioning, whether dry or liquid materials. 

The pneumatic controllers used for these applications 
supply 3 to 15 psi and are connected directly to the posi- 
tioner of the conoflow cylinder. A separate air supply is 
then run to the cylinder for shifting the motodrive to a 
different speed. Maximum stroke is 3 inches. This may 
be changed by using a different stop collar and range 
spring. 

The cylinder is pre-lubricated and no outside lubrication 
is necessary: »This type control may be operated from the 
present air supply in a plant, and it can be connected to any 
pneumatic controlled instrument. 

The motodrive unit equipped with conoflow control 
may be used with any standard NEMA frame motor, and 
a helical-type gear reducer if required. 

The conoflow control is available on all integral horse- 
power vari-speed motodrives, which have 6:1 maximum 
speed ranges on all units with capacities to 25 hp 


The standard pneumatic or hydraulic control may still 
be used where a mechanical connection can be made to 
an indicating device, such as a dancer roll or follower roll. 


Reeves Pulley Co., Columbus, Ind. 





With speed variation of 2:1, 3:1, and 4:1, new double 


Heavy-Duty Variable Speed Drive Unit 


Pa 


reduction, 20 and 25 hp heavy-duty variable speed drive 
units have self-contained heavy duty electric power drives 
providing infinite variable speed in the low ranges. 

The 20 hp type 364 KFEB is available with maximum 
speeds ranging from 176 rpm to 42 rpm and the 25 hp 
type 365 KFEB with maximum speeds ranging from 176 
rpm to 64 rpm. Maintenance of any selected speed is made 
possible by means of positively adjusted variable pitch 
pulleys. The totally enclosed, fan-cooled model has a dual 
cooling system for internal and external cooling. In this 
model, air inside the motor is circulated through air pass- 
ages between the motor housing and stator, over the motor 
windings, and through openings in the motor. Much of 
the heat is carried off by a continuous flow of cooling air 
forced over the motor housing by an external fan and 
removable grilled fan cover. 


Sterling Electric Motors, Inc., 
5401 Anaheim-Telegraph Rd., Los Angeles, Calif. 





USED AS PRESSURE BALANCING VALVES, 


A NON-INFLAMMABLE PLASTIC CABLE 


SAID TO BE THE SMALLEST PULSE 





light-weight accurate, low-pressure re- 
lief and vert valves prevent over pies- 
suring and under-pressuring of con- 
tainers holding sensitive equipment. 
Holds pressure below the hn x. open- 
ing pressure, with zero leakage, in- 
definitely. James-Pond-Clark, 2181 
Foothill Blvd., Pasadena 8, Calif. 


CLAMP made of Saran, is pliable, can 
be opened to any dimensions, and te- 
mains stable when exposed to mild 
acids, chemicals, and oils. Having good 
electrical properties, and not affected 
by immersion in water, the clamps 
range in size from % to 1} inches. 
Holub Industries, Inc., Sycamore, III. 


TRANSFORMER, the :n0del MPT 101- 
\).1 has 0.1 microsecond pulse widths 
and rise times of less than 0.005 milli- 
microseconds. Weighs less than 0.03 
oz., and will operate at temperatures 
ranging from —70 C to +4125 C. 
PCA Electronics, Inc., 6368 De Long- 
pre Ave., Hollywood 28, Calif. 


CONTINUED ON PAGE 236 





Product Engineering — March, 1953 





It's welded... 
but you can't feel 
the weld 
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e A special tool removes any exterior weld flash from 
electric-welded steel tubing immediately after weld- 
ing . . . thus the eye-appeal of products like tubular 
steel furniture. If required, the inside can be similarly 
finished, meeting the functional requirements of prod- 
ucts like pneumatic tube systems. 


Investigate the economy and physical advantages 
of Brainard welded steel tubing for your products. 
Write Brainard Steel Division, Dpt. GG-8, Griswold 
Street, Warren, Ohio. An integrated producer; offices 
throughout the U. S. 
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Tests Resistance of Steels to Heat Checking 


Because many parts used at high temperatures, such as 
the parts of automotive, aircraft, and other internal com- 
bustion engines, fail under thermal stresses or heat checks, 
a new device called the Thermo-Test was developed to 
determine the relative resistance of different materials to 
heat checking. In the test, pieces are successively heated, 
stressed and cooled. This cycle is repeated until the speci- 
men develops visible cracks or heat checks. 

The number of cycles required to produce heat checks 
are indicated on a counter attached to the machine. As 
many as eighteen test pieces can be tested at one time. The 
effects of various heat treatments, the range of heating 
and cooling, amount of pressure applied to the specimen 
and the effects of various alloying elements on the resistance 
of steel to heat checking can be studied. Various materials 
used for molds, permanent molds, die casting dies, glass 
molding dies, drop forging dies, hot piercing mandrels, 
extrusion dies, hot rolls, can be tested. The test unit meas- 
ures approx. 24 in. wide 36 in. long and 18 in high. 


H. G. Keshian Co., Hotchkiss Grove, Branford, Conn. 


Tube Fitting Requires 


Said to provide a more positive seal than flared or com- 
pression type fittings, a new tube fitting requires no flaring, 
threading, welding, or soldering, nor does it require special 
preparation or tools to complete the installation. 

The tube fitting consists of a sleeve, nut, and tapered 
body. As the nut is tightened, it forces the sleeve forward 
into the taper of the body. The leading edge of the sleeve 
contracts, forcing the cutting edge to shear a slight groove 
into the outer surface of the tubing, providing a leak-proof 
joint between the fitting and the tube. The nut pressing 
on the bevel of the sleeve gives a tight grip on the tube. 

When fully tightened, the sleeve is bowed slightly at 
the mid-section, causing it to act as a lock-washer. This 
locking action maintains constant tension between the body 
and nut, preventing loosening of the nut. Once the fitting 
has been assembled, the sleeve becomes permanently at 
tached to the tube. Disassembly and reassembly of the 
fitting can be made without any loss of the sealing quality. 

The fittings are available in carbon and stainless steels 


from distributors, and in monel and brass on special order Th 


e Weatherhead ¢ 


»., 300 E. 131 St., Cleveland 8, Ohio 





DESIGNED FOR PORTABILITY and a 
high degree of accuracy, a new com- 
bination temperature indicating py- 
rometer and millivoltmeter has ther- 
mocouple leads to permit temperature 
checkings up to 8 ft. from the instru- 
ment. Three scale ranges are availabe, 
all calibrated in Fahrenheit, Centi- 
grade and Millivolts: 800 F., 430 
C., 17 MV.; 1600 F., 865 C., 36 MV.: 
2250 F., 1225 C., 50 MV. Automatic 


compensation for internal resistance 
changes due to variation in tempera- 
ture is provided. Accuracy is within 
one percent. Thermo Electric Mfg 
Co., 480 Huff St., Dubuque, Iowa. 


Hy-TIN, « paste containing powdered 
solder suspended in a powerful scav- 
enger action flux, cleans and tins in 
the same application: cast iron, stain- 
less steel, monel, cast steel, copper 


brass, galvanized and lead coated steel. 
The flux is stable and non-active at 
normal temperature, but at soldering 
temperature it turns liquid and is pow- 
erful enough to remove the scale and 
tin black iron. There is no metal and 
flux separation which require mixing 
and there is no sputtering when ap- 
plied to heated metal. It does not dry 
and cake. Farrelloy Co., 1241 N. 26th 
St., Philadelphia 21, Pa. 
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doing a job automatically ? 


BY REMOTE CONTROL? 


IN CRAMPED QUARTERS? 


actuate clutches operate valves 


sort inspected parts 





then you need NAMCO 


“STELLITE’’-WELDED 


Solenoids offer you a modern, up-to-date way of doing jobs 
automatically —by remote control, even in cramped quarters. 


With the positive, accurate action of Solenoids you can sim- 
plify design, manufacture and operation. They're taking the 
place of expensive, bulky gear trains, levers, linkages and 

SADDLE STOP LIMITS PLUNGER RETURN other mechanisms. Many a manufacturer with a cost or space 
Aleutbes eendeniieinaetinerdasteentiatle problem, has found the solution in Namco Solenoids. 


for all standard series Namco push type solenoids. Namco Solenoids with “Stellite’’-Welded contacts, are com- 
This plunger retainer acts as a positive stop to gouge 


Gnlmaikeiduin, dene esitmnte cebu cate pact, rugged and reliable. We'll be glad to recommend the size 
and absorb impact forces when the plunger is sub- and style best suited to your job—with standard or special ter- 
jected to a severe return blow. minal blocks and mountings. 


Namco “‘Stellite’-Welded Solenoids are built in sizes with 
ratings from 214 to 25 pounds, push or pull, at 1” stroke; com- 
Like More Details? bination push-pull and other special applications are available. 
Fither AC or DC type may be specified. 








Engineering Bulletin No. EM-52 . 
~~ taapmtan drab A rahe pine ELECTRICAL MANUFACTURING DIVISION 


cial Namco solenod applica- ry ' r 

tions, clso dimensions, types of 

mountings, ratings and othe- use- e 

ful data, Ask for your copy. . 
170 EAST 131st STREET e@ CLEVELAND 8, OHIO 


ACME-GRIDLEY BAR AND CHUCKING AUTOMATICS (1-4-6 AND 8 SPINDLE) + HYDRAULIC THREAD ROLLING MACHINES + AUTOMATIC 
THREADING DIES AND TAPS «+ LIMIT, MOTOR STARTER AND CONTROL STATION SWITCHES + SOLENOIDS + CONTRACT MANUFACTURING 
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continued 





Computer For Centralized Production Control 


Known as the Off-Schedule Production computer, a 
device for centralized production control, the O S P com- 
puter continuously takes into account the elapsed time, pre- 
set time per scheduled occurrence, and the actual occurrence 
to indicate directly any deviation from a pre-set schedule. 
The occurrence can be any quantity that can be translated 
into an electrical impulse of 0.05 sec. duration. In this 
particular application, the occurrence is a unit of production 

A unit multiplier is used to provide flexibility in selecting 
what the deviation unit graduation on the dial shall ind: 
ate. For example, when a unit of production is scheduled 
to be produced every ten seconds and it is desirable to 
make each deviation unit graduation on the dial equal to 
six actual production units or one minute time, the unit 
multiplier is turned to factor 6. The multiplier which has 
a standard range of 1 to 10-15-25, is of value where the 
unit of production per unit time is relatively small, and 
provides flexibility in determining the quantitative value 
of the scale graduations. 

To supplement the indicating dial with its “Behind 
Schedule” and ‘Ahead of Schedule’’ graduations, a white, 
green, amber and red indicating light is used along with 
a warning buzzer that comes on when any pre-determined 
critical deviation point has been reached. 

The O S P computer case measures 7} in. wide, 7} in. 
high, and 8 in. deep, and weighs 9 pounds. A counter- 
type time dial simplifies the unit time setting which has a 
range of 5 seconds to 5 minutes 20 seconds. A counter is 
also included so that the actual production count is visible at 


all times. The computer is automatically reset by a momen- 
tary reset switch. Operation is on 110 v a-c, 60 cycles, with 
a power consumption ol 7 watts. 

‘orp., 272 Lembeck Ave., Jersey City, N. ] 


Industrial Computer ( 





Oil-Filled Accelerometer Unit 


Compactly designed to fit in an oil-filled case, a new 
accelerometer, model 24133 is resistant to vibration and has 
long-life expectancy. It utilizes a potentiometer resistance 
with a large output, requiring no amplifying unit in most 
cases. Low, natural frequency is an additional feature. 
Instrument ranges may be obtained up to 30G while stand- 
ard resistance ranges are 2,000 or 5,000 ohms. Special 
adaptations of the unit are available. The potentiometer 
element safely carries current up to 15 milliamperes. The 
new accelerometer has good resolution with 0.25 percent 
minimum offered on the standard instrument. 

The model 24133 is a 1 percent instrument in perform- 
ance. It is designed to operate in temperatures between 
—54C. and 71 C. Damping is 0.5 + 0.075 of critical for 
a 7.5G instrument. It is designed for applications in com- 
puting, telemetering and aircraft missile control. 


G. M. Giannini & Co., Inc., Bin-N, Pasadena 1, Calif. 





DESIGNED ESPECIALLY FOR AIRBORNE 


ohms. 


ELECTRONIC EQUIPMENT, a new, her- 
metically sealed relay meets joint Air 
Corp and Navy specification ANE-19. 
Small, and light in weight, it is par- 


ticularly adaptable for applications in 
miniaturization. The relay will with- 
stand 10 G’s vibration with a mini- 
mum available power of 500 milli- 
watts. Coil resistances up to 16,000 


Relays come either in SPDT 
or DPDT with contacts either silver 
rated at 14 amps or palladium at 3 
amps. Advance Electric & Relay Co., 
2435 N. Naomi St., Burbank, Cal. 
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NEW CATALOGS AND BULLETINS 


A Reader Service To Help Keep You Up-to-Date 


(1) MAGNETIC AMPLIFIEKS — Karl- 
Douglas Associates. Booklet, 4 pp. De- 
scribes six advantages olf magnetic 
amplitiers over other power control am- 
plifer devices; lists typical performance 
specifications for 60 cycle and 400 cycle 
units; and lists the various applications 
where they can be used. 


(2) SOLENOIDS, COILS, TRANSFOKM- 
EKS—Dormeyer Industries. Catalog 20, 
20 pp. Ilustrates various sized solenoids, 
with engineering drawings and perform- 
ance curves of each. Lists applications. 
Illustrates a variety of coils, with paper 
section, form wound, and bobbin wound 
types available. Transformers range in 
size from one V.A. to 3 K.V.A. for every 
purpose. 


(3) ELECTRONIC INSTRUMENTATION 
—HBerkeley Scientific Div. Booklet, 32 pp. 
Contains a description of electronic in- 
struments providing direct-reading digital 
presentation of information, and their 
principal industrial applications. Covers 
high-speed counting, counting plus con- 
trol, precise interval timing, rpm measure- 
ment, pressure, temperature, flow, fre- 
quency, and others. 


(4) MOTORS AND HYDRAULIC ACTLU- 
ATOKS—Jack and Heintz, Inc. Bulletin 
1351. Describes rotomotive equipment for 
standard and custom aircraft electric 
moters and electric and hydraulic actu- 
ators. Data on product features and per- 
formance are given for small high-speed 
moters, submersible fuel boosters, refuel- 
ing pump motors, and specially designed 
actuators. 


(5) PUMP INSTALLATION Viking 
Pump Co. Bulletin TS-3, 8 pp. Covering 
the problems of the pump installation, it 
contains information particularly applic- 
able to the rotary pump. Has definitions 
and illustrations of types of head; dis- 
cusses viscosity and types of liquids; pipe 
friction; suction lifts; horsepower; and 
materiais. Has charts, curves, and dia- 
grams. 


(6) CERAMIC COATING FACTS—Ryan- 
Cameo Co. Booklet, 10 pp. Tells what 
high temperature ceramics are; what 
properties they have; use in aircraft; 
what metals — J be coated. Has illustra- 
tions of production, testing, facilities, and 
other data on coating of 
metals. 


the ceramic 


(7) CENTRAL HYDRAULIC SYSTEMS— 
Greer Hydraulics, Inc. Bulletin 900, 8 pp. 
Shows how to get more dependable, eco- 
nomical, and flexible central hydraulic 
systems. Describes and illustrates com- 
pression molding press systems, and 
compares weight-loaded and hydro-pneu- 
matic accumulation systems. Has sche- 
matic diagrams for hookups for various 
conditions, and methods of calculation of 
accumulator capacity. 


(3) MOTOR SELECTOR SLIDE RULE— 
Howard Industries, Inc. A _ pocket-sized 
device, it has detailed information on 35 
EMC and Cyclohm fractional motors in 
ratings from 1/2000 to % hp. Gives: 
motor type; hp continuous and intermit- 
tant; full load rpm; full load amps; full 
load efficiency; core size; winding type; 
voltage. For cyclohm motors it gives: 
frame type; poles; speed; hp; pull-in, 
pull-out, and starting torque. 


(9) INDUSTRY RELAYS — Automatic 
Electric Co. Circular 1702-A, 12 pp. Has 
illustrations and complete specifications 
for a complete line of telephone-type re- 
lays, including hermetically sealed (in 
meta! and glass containers) sub-miniature, 
and plug-in types. 


(10) RECORDERS AND INDICATORS— 
Minneapolis-Honeywell Regulator Co. 
Catalog 1520, 45 pp. Contains information 
on the Electronik non-control precision 
instruments for measuring temperature, 
pressure, flow, pH, and other variables 
Has detailed specifications for each model. 
Has many illustrations showing construc- 
tion, installation, and application of the 
various types of precision instruments. 


(11) MAGAMP REGULATOR—Westing- 
house Electric Corp. Booklet B-5468, fs 
pp. Discusses the use of these regulators 
for various control problems in stee!] mills 
Used for amplifying voltage and current, 
it consists of an iron core, with an a-c 
output winding and one or more d-c con- 
trot windings. Also discusses all charac- 
teristics of the regulator. Has many 
illustrations ci 


(12) PRINTED CIRCUITS—The Kotula 
Co. Booklet, 8 pp. Printed circuits, their 
function, fabrication, and application are 
covered. Has materials, electrical char- 
acteristics with tables of valves, com- 
ponents such as capacitors, resistors, tube 
sockets, and switches. Assembly methods 
are described. 


(13) TESTING MACHINE ACCESSO- 
RIES—tTinius Olsen Testing Machine Co 
Catalog 46, 22 pp. Has detailed informa- 
tion on instrumentation, tools and ac- 
cessories. Points covered are: electronic 
recorders; electronic strain instrumenta- 


tion; mechanical extensometers; tension, 
compression, transverse, shear, bend, and 
hardness tools; electronic load cells; and 
other devices. Has illustrations of each 


(14) DYNAMIC BALANCER Interna 
tional Research and Development Corp 
Booklet, 4 pp. Describes and illustrates 
the vibratron, an instrument for vibra- 
tion analysis and dynamic balancing 
Illustrates applications, and discusses its 
use in: production; inspection; main- 
tenance ; research ; detection; and testing 


(15) COPPER-BASE ALLOY ROD—Cop 
per and Brass Research Association 
Handbook, 30 pp. Discusses the advantage 
of using copper-base alloys; forms and 
tempers; table of mechanical properties 
complete details on machining; supple 
mentary or secondary operations; and 
assembly operations. Has illustrations on 
each topic plus many tables 


(16) DIAL 
strument Co 


THEROMETER 
Catalog 76-T, 


-Marsh In 
30 pp. Gives 
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complete specifications, line drawings, 
templates and dimensional! charts for each 
individual dial size type. Discusses move- 
ment and construction of each. 


(17) ROLLER BEARINGS—Berliss Bear- 
ing Co. Catalog 522, 16 pp. Contains a 
complete description of, and specifications 
for the bearing selection for the materials 
handling, automotive, agricultural ma- 
chinery, and transportation industries. 
Covers rollers, bearings, roller assemblies, 
cage and split outer race assemblies, plus 
bearing selection data covering load speed 
factor, bearing life, and shaft factor. 


18) LUBRICATION SYSTEMS—Trabon 
ngineering Corp. Bulletin 529, 4 pp. 
Includes engineering description of tech- 
nical methods of operation of reversible 
and manifold types of lubrication systems 
for oil and grease. Line drawings show 
possible installation. 


(19) AIR CYLINDERS—Lindberg Bast 
neering Co. Bulletin 731, 16 pp. Dia- 
grams, charts, and photographs explain 
the capacity, type of mounting, and a list 
of engineering features. Complete speci- 
fications for seven types of mountings 
of air cylinders, and other components. 


((20) LOCK NUTS—The Palnut Co. Bul- 
letin 577, 8 pp. Describes lock nuts for 
heavy assembiles and severe vibration. 


epattentions, assemb! y taethods, sizes, ma- 
— = ishes an other engineering 
a 


(21) INJECTION MOLDED RUBBER— 
a = Co. Book- 

the injection mold- 

—¥og rubber parts; ves 

of . os rub 

and o-rings for use with res up to 
3000 psi. Also gives possible uses for in- 
jection molded silicone rubber products. 


(22) BUBBER-TO-METAL PARTS — 
Acushnet Process Co. Booklet, Supplement 
A, 8 pp. The process of rubber-to-metal 
adhesion is discussed giving: Septenene, 
procedures, design; compounding; proc- 
esses; and bond strength ratings. arts 
are illustrated showin shock mounts; 
vibration isolators; s seals; valve 
seats; rolls; and pulleys. 


(23) MULTI-CIRCUIT FLOAT CON- 
TROLS—Automatic Control Co. Bulletin 
3500, 4 pp. Covers the type M units used 
for water, sewage, irrigation, and flood 
control systems. One float can provide a 
coordinated operation of 2 to 18 or more 
pumps or vaives. Gives operating sched- 
ule, range of units, and installation plans. 


(24) FLEXIBLE COBRD—Whitney Blake 
Co. Bulletin FC-52, 24 p Includes all 
of the new Underwriters’ classifications 


Outlines locking principle, advantages, for flexible cords made by this company 
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Features data on Dynaprene and rubber 
jacketed cords, and braid covered types 
Also information on cord selection, and 
technical data on wire and cable. 


(25) UNIVERSAL JOINTS—The Apex 
Machine and Tool Co. Catal) 27, 24 pp. 
Covering a complete line of universal 
joints for aircraft and industriai appli- 
cations, the catalog contains applica- 
tion data sheets, specifications and other 
information. Models described are 
heavy-duty and light-duty aircraft joints; 
heavy-duty industrial, and quick-change 
universal joints. 


(26) ELECTRIC POWER CONTROLS— 
Cutler-Hammer Inc. Booklet M-78A, 80 
pp. Many illustrations and complete infor- 
mation on: magnetic brakes, clutches and 
separators; d-c and a-c manual starters 
and regulators and drum controls; rheo- 
stats; resistors; a-c magnetic squirrel 
cage controls; a-c and d-c accessories; 
and other components. 


(27) GEARMOTORS — Star-Kimble Div. 
Bulletin B-601, 8 pp. Data on a line of 
a-c and d-c gearmotors with ratios from 
2.5:1 to 97:1, and % to 75 hp. Gearings 
are planetary, offset or right-angle worm- 
wheel, and single and double-reduction. 
Illustrations of all types. 


(28) OILLESS BEARINGS—Arguto Oil- 
less Bearing Co. Catalog 210, 20 pp. 
Points on screw conveyor bearings, con- 
veyor roll bearings, installation instruc- 
tions, list of standard sizes, engineering 
information, and other s ifications. Has 
illustrations, curves, and tables. 


(29) INSTRUMENT TRANSFORMERS— 
General Electric Co., Bulletin GET-1366A, 
16 pp. Titled, “Instrument Transformer 
Accuracy Standards,” it aids in the selec- 
tion of proper instrument transformers 
for any particular application. Lists ac- 
curacy standards for potential, metering 
current, and em = hn, current transform- 
ers. Shows graphical equivalents of Amer. 
Standards Association accuracy classes. 


30) SWING JOINTS—Barco Mfg. Co., 
atalog 400, 8 pp. Has illustrations, line 
drawings, and specifications for single and 
double swing joints for oils, gasoline, 
water, air, gas, and chemicals. Schematic 
diagrams cow typical loading and un- 
loading line applications. 


(31) NUTS—Grip Nut Co., Booklet, 8 pp. 
Complete specifications on: the hi-nut; 
pilot weld nut; clinch nut; countersunk 
weld nut; a semi-finished nut, steel or 
brass ; and a lock nut. Has illustrations 
and engineering drawings. 


(32) ELECTRIC MOTORS—Doerr Elec- 
tric Corp., Bulletin 100, 4 pp. Data on 
standard and —s application designs 
from 1/30 to 56 hp in base mounted and 
face mounted frames. Applications in- 
clude: pumps, brakes; power tool; hoist; 
and fan, plus motor parts for built-in 
drives. 


83) EDDY-CURRENT EQUIPMENT — 
namatic Corp. Bulletin GBI, 16 pp. 
Discusses basic principles of eddy current 
machine: Curves show torque and heat 
characteristics. Other sections ae © to 
cooling, efficiency, control new wp Ry 
acteristics, and other units made by the 
manufacturer. Large illustrations are in- 
clu 


(34) FLEXIBLE METAL HOSE—Flexon- 
ics Corp. Catalog CMH-128, 16 pp. Speci- 
fications and other data for the new ex- 
pansion joints having increased traverse 
yr yr ne Also gives specifications 
and , oa tion information for corru- 
gated and convoluted types of flexible 
metal hose, including couplings, flanges, 
alpples, and assemblies. Has large cross 
sectional illustrations. 


(35) ACTUATOBS—Phillips Control Corp. 
Bulletin 6, 8 pp. Discusses a line of actua- 
tors for industrial and commercial! use for 
a-c or d-c operation. Has engineering dia- 
grams, specifications, and many compara- 
tive pull charts and vol’: ampere curves. 


36) GEAR BEDUCERS—D 
ear Mfg. Co. Catalog 47-B, 88 pp. Ade 
for selecting the proper gear reducer for 
ecific power transmission problems. Di- 
vided into: (1) motorized gear speed re- 
cucers, a combination of motor and re- 
base, pints ‘with a couplings (8) gear 
Diate a cou —- -_ iF ‘_- ) = 
speed reducers. 
available in 36 sizes in 


to 75 hp with ratios of 1.2 som, 





FOR ALL TYPES OF BALL AND ROLLER BEARINGS: 4” BORE TO 120” OUTSIDE DIAMETER 


; be 
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Photo by courtesy of Chrysler Delowore Tank Plont 


Dependable KAYDON BEARINGS 


in world’s greatest tank ! 


Some details of performance of the new Patton 
T-48 tank may remain closely guarded secrets, 
but now it can be told that KAYDON created the 
initial pilot-bearings for its gunmounts and cupola. 

More than merely a masterpiece in tank en- 
gineering, the Patton 48 is also an outstanding 
economic achievement... Army’s most economi- 
cally produced tank . . . resulting from fine team- 

rs work of industry and labor. 


Today, manufacturers of tanks ... guided by 

KAYDON . . . are also producing these big super-pre- 

So big! This super-orecisien turret beerine ts co bie thet these four cision bearings. Vital precision facilities thus are 
beauties stood comfortably inside only a portion of the 7-foot diameter multiplied to speed production. 

to have their picture taken. © KAYDON also created the initial pilot-bearings 

(28.333” 1.D. x 33.375” O.D. x 2.875” section) for cupolas of Patton 

T-48's. © Both sizes of bearings were uniquely engineered with internal tanks...is a 8) mbol of insurance for peace 

geors cut integral with the inner race. through strength! Manufacturers contributing to 

a! ge ~e this achievement take pride in confidence that 

America’s industrial brains and skill, mobilized 

in a democracy, can meet any challenge! The 


The Patton 48... speedy, most mobile of all 


In many types of heavy-duty industrial machinery and war 
equipment, unusual KAYOON Bearings have been designed to make : “ a 
tough jobs easier, with dependable, controlled precision. Patton 48's are here... and they came fast! 


We'll be glad to work with you on difficult bearing problems. 


KAYDON Types of Standard and Special Bearings: 
Spherical Roller * Taper Roller ¢ Ball Radial ¢ Ball Thrust 
¢ Roller Radial ¢ Roller Thrust ¢ Bi-Angular Bearings 
T HE ENGINEFERIN G co RP. 


MUSKEGONeMICHIGCAN 








PRECESN F.0N8N , A N-.D ROLLE R BEARIN G 
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SHOCK » VIBRATION 
ERE’S THE SECRET 


«2. Of a NEW 


wire-mesh isolator 





Segre 


that won’t change 
on the job! 


SS 55555 


The new Type 7630 and Type 7640 ALL-METL Barrymounts 
have been specifically designed to eliminate loss of efficiency due to 
damper packing. Previous wire-mesh unit vibration isolators ex- 
hibited a definite loss of damping efficiency after a period in actual 
service, because the wire-mesh damper tended to pack. These new 
unit Barrymounts have eliminated this difficulty, because the load- 
bearing spring returns the damper to its normal position on 
every cycle, 

@ Very light weight — helps you reduce the weight of 

mounted equipment. 

@ Hex top — simplifies your installation problems. 

@ High isolation efficiency — meets latest government 
specifications (JAN-C-172A, etc.) — gives your equip- 
ment maximum protection. 

@ Ruggedized — to meet the shock-test requirements of 
military specifications. 

@ Operates over a wide range of temperatures — ideal for 
guided-missile or jet installations. 


Compare these unit isolators with any others — by making 
your own tests, or on the» basis of full details contained in Barry 
Product Bulletin 531. Your free copy will be mailed on request. 

See these new isolators in action, and discuss their applications 


with us, at the New York I.R.E. Show. 
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New Miniature 
Enclosed Relay 


Bantam-sized class “S’ relays arc 
now available in a new small her- 
metically sealed enclosure with the en- 
tire unit measuring 29/5 in. x $4 in. x 
14 in. and weighing only 1% ounces. 
Mounting studs may be arranged on 
base or narrow side of housing. 

This miniature relay was designed 


| for minimum inductance and maxi- 
| mum make-and-break speeds. It is 
| tamper-proof and atmosphere-pro- 
| tected and meets provisions of MIL-R 


6106. This relay in its new enclosure 


| has applications wherever there are 


extremes of shock, temperature and 
vibration. 

Automatic Electric Sales Corp., 

1033 W. Van Buren St., Chicago, Ill. 


| Single and Dual System 


Float Switch 


Originally designed as an aircraft 


| high-level fuel control instrument, giv- 


ing automatic cut-off control for single 


| point, high pressure fueling and air to 
| air refueling, a new float switch may 
| be used for fluid level control in in- 


dustrial applications. A light-weight 
unit, it is available in different sizes, 
some of which include relays to handle 


| heavy electrical load; others are de- 
| signed for complete submersion in 
| fluids. 


The float switches can be supplied 
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@ 30 Years of satisfactory performance on direct-connected generators, 
pumps, compressors, winches, speed reducers and other similar equip- 
ment have proved the economy of protecting good machinery with 
Ajax Flexible Couplings. 

They protect bearings, gears, armatures, impellers and other costly 
working parts against unavoidable angular and offset misalignment. 

Ajax Flexible Rubber Bushings provide a quiet, cushioned drive in 
both directions of rotation. 

Ajax oilless bronze bearings are self-lubricated for life. 

No problems are set up by centrifugal force. They operate success- 
fully in abrasive-laden air. They operate vertically or horizontally. 

Free end float lets electrical machinery find its mignetic center with- a 
out interference. a GRAPHITED BRONZS 

Standard Ajax Couplings are made of forged steel or cast semi-steel. u bat BEARING 
Aluminum, bronze and other metels available for special applications. cave STUD 
Made in a wide range of sizes and capacities...write for catalog. 


SET SCREW 


FLEXIBLE RUBBER 
BUSHING 


AJAX FLEXIBLE COUPLING CO. INC. . —_—: 
WESTFIELD, NEW YORK 
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We're proud of these 
customers for 


LAMINATED SHIMS 
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SHIM HEADQUARTERS 
SINCE 1913 


Check Our Stampings Division 
For Your Stamped Parts Requirements 


These famous companies 
are all using the foolproof, accu- 
rate shim method of spacing 
their machinery components. 


May we send you our literature? 














|o COMPANY, INC. O 





New Parts and Materials continued 
with single level or dual level systems. 
Each system has an electrical signal 
through a magnetically operated switch, 
which is hermetically sealed in a glass 
tube. The actuating alnico magnet ts 
in the counter weight of a statically 
balanced float assembly. The actuating 
magnet, positioned by the float, opens 
or closes the switch at predetermined 
levels which are set at the factory. 

Both single and dual float switches 
can be provided with levels set at any 
distance between 1 and 18 inches from 
the mounting flange. 


Revere Corp of America 


Wallingford, Conn 


Portable pH Meter 


Powered by 3 radio batteries, giving 
2000 hours of service, a portable pH 
meter has a 53 in. scale with 1 mm 
per 0.1 pH division, and is readable 
to 0.02 pH. Readings from 0 to 14 
on a single scale that is continuous 
through a neutral point. 

The unit is self-contained, and is 
applicable for laboratory, plant and 
field use, including grounded tanks 
A carrying frame holds the instrument, 
breaker, buffer, and wash bottle. 

Millivolt scales: —400 to +400; 
also —800 to +800 for use with an 
external voltage divider. The unit has a 
temperature control from 0-100 C. 
A stabilized power supply unit is avail 
able for alternative operation from 
100-125 V a-c. 


95 Madison Ave., Neu 


Humidity Indicator 
For Small Packages 


Designed for use in the dehydrated 
packaging of military materials and 
other products which must be kept in 
storage safe from moisture damage, a 
new type of humidity indicator known 
as a ‘‘bull’s-eye’’, is intended to be as- 
sembled as an integral part of the 
container itself. 

The new device is equipped with 
gaskets and metal fittings which per- 


1403 UNION STREET > 
242 


GLENBROOK, 


CONNECTICUT 
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Make it “Standard” for your equipment... assure accurate temperature control 


@ Automatic Sylphon Controls, installed as 
standard equipment, do a better job, any time, 
than hand-operated valves or “guess methods” 
do at governing temperatures. They assure 
your equipments’ best performance . . . save 
trouble for you and your customers . . . give 
you an extra sales advantage. 

See why! Hour after hour, they maintain 
temperature that assures uniform processing 
conditions . . . constant product quality. They 
help reduce spoilage, wasteful overheating 

. Save manpower 
and manhours. 


Sylphon Temperature 
Regulator No. 999, 





FIRST WITH BELLOWS 


pictured here, is one of the Sylphon line. Its 
outstanding features include stainless steel 
frame for minimum heat conduction from 
valve to regulator head . . . large size 2-ply 
Sylphon bellows for added power .. . less 
height and weight than other types. Self- 
operating—requires no auxiliary power source. 
Particularly suited for storage water heaters, 
metal plating tanks, bottle washers, treaters, 
slashers, etc. 


Find out about the advantages of No. 999, or 
of other Sylphon Temperature Regulators, as 
standard equipment to help your machines 
operate better, longer, more economically. 
Write for Catalog EP-A. 


FULTON SYLFROR 


ROBERTSHAW FULTON CONTROLS CO... KNOXVILLE 4 TENN. 


Canadian Representatives, Darling Brothers, Montreal 
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af 
coil-itis 
increasing 


- 


your 
temperature 


problem? 


Here is a new treatment for solving your heat transfer 
problems that is as revolutionary as a new wonder 
drug. It stops coil-itis* cold . . . It eliminates the 
many troubles that have plagued industrial heating 
and cooling practices due to the use of old-fashioned, 
outmoded pipe coils. This revolutionary new unit, 
called a Platecoil, heats or cools 50% faster and 
takes 50° less space in the tank. It simplifies 
maintenance and saves hours of downtime. 


Write for bulletin P77 today! 


PLATECOILS SAVE 50% IN HEAT TRANSFER COSTS 


PLATECOILS COOL At the K-D Manufacturing Company, 
Platecoils are proving more efficient, yet 
QUENCH OIL TANK cost only 1/3 as much to install. Ask about 


FOR ¥, THE COST other case histories, 


BLATECOIL 


REPLACES PIPE COILS 





Coil-itis — Diagnosed 
as tank heating and 
cooling problems. 
Platecoils — the pre- 
scription for solving 
pipe coil problems. 


PLATECOIL DIVISION, KOLD-HOLD MANUFACTURING CO., LANSING 4, MICHIGAN 
244 
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New Parts and Materials. .... .continued 


mit it to be fastened to a nipple welded 
to the shell of the container, or pack- 
age, providing a tight seal against 
moisture infiltration. The bull's eye is 
of glass and contains Tel-Tale indi- 
cating silica gel, a product which 
changes color from deep blue to light 
pink as it picks up moisture. The air 
within the container can circulate 
freely through the indicating gel. 

The indicating ‘‘bull’s-eye’’, although 
now used in large containers, can also 
be used with small packages such as 
individual spark plug containers. 


Davison Chemical Corp., Baltimore, Md. 


Low-Speed Right Angle 
Worm-Gear Motors 


Introduced as the type GW Synchro- 
gear, a new line of low salle | right- 
angle worm-gear motors uses a can- 
tilever design to protect the gear 
alignment. The unit has splash lubri- 
cation, a hardened and ground worm, 
leakproof oil seal, amd asbestos pro- 


tected windings. It also has a self- 
locking brake action. 

The new motor is built in speed 
ranges from 20 to 155 rpm and gear 
ratios up to 58:1. Horsepower ranges 
from } to 3. It is made in both 3- 
= and single phase. The unit can 

e installed horizontally or upright 
and can be provided with a footless 
flange mounting. Other modifications 
have variable speed, splashproof de- 
sign and total enclosure. 


U. S. Electrical Motors, Inc., 
Box 2058, Los Angeles, Cal. 


Vertical Sewage Pumps 


Having fluid ends in 2, 3, and 4 in 
sizes, and designed to handle solids 
14, 2, and 3 in. in dia, a new line of 
vertical sewage pumps have capacities 
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ranging from 50 to 1,000 gpm against 
heads up to 60 feet. 

Units can be furnished with electric 
motors a to 20 hp or equipped for 
steam turbine drive. Motor mounting 
is designed with standard NEMA type 
“C” flange, with adapter flanges avail- 
able. A feature of the pump is the 
thrust bearing assembly. The coupling 
in the lower half of the unit fits into 
the bore of a large capacity, angular 
contact radial and thrust ball bearing. 
This assembly is mounted on the end 
of the pump shaft directly under the 
adjusting nut. 

The impeller is an enclosed, 2-vane, 
non-clog type, adjustable vertically 
with shaft. It is mounted on the shaft 
with a locking taper, woodruff key and 
safety lock nut. Wearing rings snub 
any shock on the impeller and prolong 
the life of the pump. 

The Deming Co., Salem, Ohio 


Miniature Welding Assembly 


Called the “‘tweezer-type”  spot- 
welder, this small unit is said to have 
produced satisfactory results in weld- 
ing two 0.0008 in. dia. copper or 
nichrome wire, or two 0.018 in. sheets 
of type 302 stainless steel. Using a 
special electrical circuit, the welds are 
uniform, burn-free, and spatter-free; 
with the electrode-switch assembly pro- 


continued | 


V check the price 
V check the analysis 
WV check the performance 


and you'll specify 
MUELLER BRASS CO. 


tut-stut 


aluminum bronze 


check the price—Tur-Stur, the Mueller Brass Co. 
series of aluminum bronze alloys, can be supplied at 
prices below those of similar alloys. Whether 

you buy Tur-Stur in rod shapes, forgings or 
screw machine products you'll save money because 
these alloys are priced right, machine better and 
last longer. 


check the analysis—Tur-Stur alloys are a high 
copper base series containing from 9% to 13% 
aluminum and varying amounts of iron, nickel and 
manganese. They do not contain zinc and, there- 
fore, are not subject to dezincification. Tur-Srur 
alloys are available in several grades with a 
chemical composition, suitable hardness and 
mechanical properties for many different applications. 


check the performance—Tur-Stur alloys are light 


I 
| 

and strong—about 8% lighter than cast bronze 

and almost as strong as steel. They have a low 

coefficient of friction as well as good bearing and 

mechanical properties. They not only retain 

these properties but resist oxidation at the high 

speeds and high temperatures of modern production 
| 
| 


equipment. They will withstand strong acid attack 
or the effects of brackish waters and are highly 
resistant to corrosion. 


These alloys can be hot-forged into relatively 
intricate shapes ...need little or no machining... 


and the smooth, bright surfaces eliminate 
costly finishing. 


MUELLER BRASS CO. 


PORT HURON 17, MICHIGAN 


For complete information, write 
today for our new TUF-STUF 
Engineering Manvol. 











+4 TYPE PLF POWER LINE 

DRIVE — 16” to 48” 
in olf H.P. retings. Sqvere 
frames fer cosy installetion. 


— SOLVE YOUR 
VENTILATION PROBLEMS 


with CHELSEA’S new 

heavy duty airfoil type ex- 

haust fans. For use in 

exhausting, duct work, filter 

installations, range or vat 
@ TYPE PLOX POWER LINE hoods, penthouse units, 
DUCT BOOSTER—Motor ox- paint spray booths, where 
ternal te Air Stream. 16” to static pressures are 
48” in oll H.P. ratings. encountered. 





ee 


WRITE FOR CATALOG 400 


Includes detailed informa- 
tion on type, size, specifica- 
tions, engineering data and 
installation recommenda- 
tions. Address Dept. B-3 


Proper Ventilation = 
Ores isan investment! | CAtéfied 


This is your Seal nad 


BELT DRIVEN — 24” te 48” of Certified Ratings 
in oll H.P. ratings, Squore This is your 
fromes for sory installation. Symbol of Quolity } 


INFIELO b w 4 SEY 


CHELSEA FAN & BLOWER CO.,Inc. Gs) um 








ALLMETAL 


FOR THE 
FINEST IN 


STAINLESS 


STEEL 


FASTENERS 


FOR QUALITY 
AND DELIVERY 
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ALLMETAL, Special- 
ists in Stainless, 
Produce Stainless 
Products Exciusively 


Write fer 
Catalog F 
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viding automatic control of the weld- 
ing pressure. 

The unit measures 8 in. wide by 
104 in. deep by 44 in. high, with the 
electrode assembly measuring 1 in. x 
2 in. x 3 in. (less electrodes). Weight 
is 17 pounds. Welding throat depth, 
24 in.; welding lead length 4 feet. 
The welding pressure is fully adjust- 
able, and the firing control is auto- 
matic at the pre-set welding pressure. 
Power consumed is 300 watts. Energy 
storage maximum 20 watt-sec.; mini- 
mum Q.2 watt-second. 


Unitek Corp., 
275 N. Halstead Ave., Pasadena 8, Calif. 


Metallic Bellows Shaft Seal 


An especially designed metallic 
bellows shaft seal suitable for sealing 
the control shafts of hermetically 
sealed equipment can be used on shafts 
as small as } in. in diameter. It per- 
mits free turning of the shaft to ac- 
complish movement within the sealed 
casing while maintaining the hermetic 
seal. The seal is said to be suited for 


aircraft applications because of its 
ability to withstand large temperature 
changes and extremes of heat and 
cold. It is also unaffected by pressure 


| changes. 


Applications include: sealed elec- 
tronic equipment, and industrial and 
military instruments. The shaft seals 
can be supplied to specifications. 

Clifford Manufacturing Co. 
121 Grove St., Waltham 54, Mass. 


Air Pilot Valves 
Used for Remote Control 


The series 3000, 3-way air pilot 
valves are used for remote control of 
4-way pilot pressure operated air 
valves, and also where a small } in. 
3-way valve is necessary. Operating 
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= VE. 


the air pilot valve permits air to flow 
to the “out” port. A spring returns 
the valve to the original position, lock- 
ing the air supply and bleecing the 
‘out” port. This series of valves is 


also used with the series 5900 air pilot 


hydraulic valves. 


Rivett Lathe & Grinder, Inc. 


Brighton 35, Boston, Mass. | 


Cam-Operated Toggle Valve 


Large size brass and stainless steel | 





toggle valves for controlling pressure | 
or high vacuum systems have valve 


seats of semi-hard plastic material, 


stems sealed by synthetic rubber O- | 


rings, and may be used at pressures 
ranging to 1000 psi. 


Essentially the same type of valve | 


as the smaller toggle valves made by 
this company, these large size toggle 
valves for quick opening service are 
now made only in 4 


in. NPT female | 


size. The principal difference is that | 
in this series of valves, the closing | 
action of the valve seat is provided by | 
a hardened steel cam rather than a | 


spring as in the smaller toggle vaives. 


The cap nut is adjusted to such heights | 


that when the cam handle is perpen- 
dicular to the stem, the valve seat is 
closed. A set screw in the cap nut 
locks and positions the yoke so that 
the cam will swing in any desired 
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WELDMENTS 


CAN SAVE YOU MONEY! 


Acme weldments are replacing castings for leading machinery 
and equipment manufacturers everywhere because they do a 
better job at lower cost. Experienced Acme engineers at 
work with Acme’s complete fabrication facilities can give you 
these same advantages . . . Acme’s new 24-page, illustrated 
The Facts about Weldments and Cast- 


ings tells you what you should know about their relative 


booklet shows you why. 


strength, rigidity, vibration, design flexibility, and cost... facts 


to help you specify and save. And it’s yours for the asking. . 


ACME 
TANK and WELDING 


DIVISION of THE UNITED TOOL & DIE CO. 
1088 New Britain Ave. ¢ West Hartford 10, Conn. 


he Facts sbeut 
WEOMENTS ong CAST ngs 


NM Ht 


® AS.M.E. Qualified Welders ° 
© Hartford Steam Boiler inspection Service ® 


National Boord Approved 
A.P.1. Approved 


® Underwriters Label and Inspection Service © Novy Approved 





Write for yours TODAY! 


interchangeable 
mounts... 


make 
0-M CYLINDERS 


adaptable to 
any installation! - 


i HN Wilke im | 


1% >) | 14-DAY 





, |p 
qf DELIVERY 
= on most sizes 
Because the end plugs are tapped for universal 
mounting, any one type or combination of mounting 
brackets can a be used to install an O-M Cylinder... 
without disassembling or changing the cylinder. Inter- 
locking mechanism eliminates projecting end caps 
and tie rods, : assuring better alignment and friction- 
free performance. Thus, O-M Cylinders fit where 
others won't . . . require % less space than con- 
ventional type cylinders of the same bore . . . are 
easily removed, inspected, repaired. 
Avalide i in @ full fare 2 of sizes (1'4" to 8” bores) with 
andard, 2 to 1 or oversize rods All 


machined steel with beeshen bronze, no 
YB. ngs Completely interchangeable 

“ Write today for FREE catalog 

wt of '4 and + apes 

templates showing all cylinders d 


mounting brackets 


MILLER 


ORTMAN MACHINE CO. 


1218 150th Street + H 


A ted 
7 





C) Please send latest O-M catalog. 
C) Please send complete set of templates. 


Name 
Company .... 


Address . 
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plane perpendicular to the bottom face 
of the valve body. 

The valve can be made tight to a 
helium leak detector test at seat, 
gasket bonnet to body joint, and O- 
ring stem seal when the stem is not 
in motion. The total in-leakage past 
the moving O-ring stem seal during 
the length of time required to open or 
close the valve will not exceed 0.01 
micron liter. 

Hoke, Inc., 197 South Dean Street, 
Englewood, N. J. 


Fasteners Permit 
High Torque Loads 


Precision-forged, threaded 12 point 
aircraft type fasteners in ferrous, non- 
ferrous and precious metals, such as 
capscrews, machine screws, sheet metal 
screws, self tapping screws, recessed 


| set screws, machine bolts, stove bolts, 
| lag bolts, recessed socket bolts, auto- 


motive spring center bolts, in all stand- 
ard diameters and lengths, are now 


| being made for industrial, automotive 
| and marine use. 


These non-slip tube 12-point fast- 
eners are specifically designed to per- 


| mit higher torque loads, and will ac- 


commodate the standard 
socket or box type wrench. 
Precision forging of the specially 


12- point 


| designed 12-point tapered head and 














the 1001 FTECHNICO 
“MARS - LUMOGRAPH 
(“push button” lead 


“holder has a... 


Lead Ipatpene 


| concealed i in the cap 


_@ Why be Satisfied With 
Ordinary Holders 
When You Coan Have 
the Imported MARS- 
LUMOGRAPH 
TECHNICO at the Same 
Price? | 
Modern Light - Weight 
Construction Features 
the MARS-LOCK 
CLUTCH with Perfect 
Grip! 

Easy to Dis-Assemble 
Completely. Ali Parts 
Replaceable! _- 


<jfia™s 
pO imported 
from ferment 
Use 1904 Mars | 
Lumograph Imported | 
Drawing Leads 
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<ODINHI3L> 


yy tt pe ene 


i Sold at All Leading 
| Drawing Material 
Dealers and Blue Printers | 





Write Today for Detailed Literature 
on the 1001, TECHNICO +7} 
' | } 
4S, ,STAEOTLER, inc] 
+~ 53-55 Worth Street, New York 13,-N. Y: 
CEL sranoviee since veea) | 
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CAM ACTION IMPROVED with “uzriRol® BEARINGS 


under heavier loads e with shock resistance « and space economy 


Moder: demands for faster, more automatic ma- 
chines necessitate a new approach to cam action 
efficiency. Improvised bolt and roller units are no 
longer adequate for this mass production machine 
age. 

Machinery manufacturers are finding that even at 
slow speed, it is difficult to carry the usual heavy 
radial and intermittent shock loads of cam applica- 
tion efficiently on plain bearings or standard anti- 
friction ball and roller bearings. With increasing 
speeds, and lubrication limited by the desire for 
simplified design, the plain bearing wears exces- 
sively and fails early. Ordinary ball or radial roller 
bearings used on a shaft as cam followers have a 


tendency to split in the outer race because of the ex- 
cessive strain on the thin and superhard race sec- 
tions. 


One bearing that has proven particularly success- 
ful in cam follower applications is the Multirol CF 
series full type roller bearing. This bearing is built 
especially for the repeated shock loads of typical 
cam action operations. The outer race section is not 
only heavy radially but is also martempered to com- 
bine maximum toughness with adequate surface 
hardness for withstanding the punishment of cam 
applications. The outer ring operates on a full com- 
plement of small diameter rollers so the load is 
evenly distributed over a greater bearing surface. 
The inner race and flange are made in a single 
piece with the stud, preventing any possibility of 
disassembly in operation. Greater accuracy is 
maintained throughout longer bearing life and, com- 
pared with plain bearings, both starting and rolling 
friction are reduced to a minimum. As a result in- 
ternal wear is diminished and power requirements 
of Multirol bearing equipped machines are appre- 
ciably lessened. 


Load Capacity Comparison 

To illustrate the increased capacity of the Multirol 
CF, here is a comparison between a Multirol CF-1 
bearing and a corresponding friction type roller, 
making use of the maximum permissable bearing 
pressures in pounds per square inch of projected 
area. The CF-1 bearing will have a maximum of 
2240# while the equivalent friction type roller would 
have a capacity of less than 400f. 
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What This Means in 
Terms of Performance 


The James Hunter Machine Co., 

of North Adams, Massachusetts 

replaced units consisting of a 

standard roller bearing and 

hardened roller with Multirol CF 

bearings on eccentric cams that 

actuate rake teeth in their wool 

washers. The changeover re 

duced their original and replace- 

ment costs over 10% and re- 

duced maintenance to occasional lubrication. Where previously, 
rollers only lasted a maximum of several months, no replace- 
ments hove been required with the Multirol bearings. As a result, 
the Multirol Bearings solved a trouble spot that brought in many 
customer complaints. 


Crown Rheostat and Supply Company of Chicago uses up to 
200 Multiro! Cam Followers as guide and support rollers in the 
travel and transfer mechanism of their cleaning, plating, and dry- 
ing machines. Formerly trolleys were suspended from rails but 
the cam follower units proved to be a more precision means of 
friction reduction and added stability to the supporting arms. 


Other MEGILE® Bearings 


&E 


GUIDEROL CT 


A new 140-page Bearing Reference Guide complete 
with 30 pages of vital engineering data has just been 
released by the McGill Manufacturing Company. It 
bas the full story on the advantages of Multirol CF 
Eearings as well as information on the Multirol CYR, 
Multirol SE and Guiderol Bearings. Send now for 
your copy of McGill! Catalog No. 52. 


Ms G | L & — Precision Bearings 


McGILL MANUFACTURING COMPANY, INC. 
201 N. Lafayette Street, Valparaiso, Indiana 


249 





NO MATTER HOW YOU 
LOOK AT IT... 
YOU'LL BE HAPPIER 


WITH OS BEARINGS! 


e NO MAINTENANCE 
© NO CRITICAL MATERIAL 
© ALWAYS DEPENDABLE 


WRITE FOR BULLETIN Number 251 
OR SEND US PRINTS and DETAILS! 


‘OS BEARING CO. 


303 SOUTH LIVERNOIS + DETROIT 17, MICHIGAN 
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shoulder of the fastener provides a 
frictional “‘lock in” so that the fastener 
head stays in the wrench as a unit in 
any position to permit one-handed 
reaching into awkward spots, or for 
the inserting or removing of the fas 
tener from any angle. In many cases 
the “lock-in’ feature eliminates hand 
starting of the Fastener. Since the ar 
described by the socket or wrench is 
less when tightening or loosening a 
12-point fastener, the turning of th« 
fastener is easily accomplished in con 
fined areas. 
The Twelve-Point Fastener 
4517 Lorain Ave., Cleveland 


Air Cylinders 
Save Mounting Space 


Eliminating tie rods and reducing 
head size, a saving of up to 40 percent 
in mounting space is possible in a new 
line of air cylinders. Added strength 
and high safety factor are obtained 
with solid steel heads and a heavy wall 
seamless steel body. Cylinder walls are 
honed and hard chrome plated, and 
have leakproof cylinder head to body 
construction. 

Additional features are: Relative 
port positions may be rotated without 


disassembly of cylinder and may be 
locked in any position; minimum cen- 
ter line to center-line mounting; heavy 
duty, hard chrome plated piston rod; 
self-adjusting piston rod packing; con 
trolled packing compression; metallic 
rod wiper; piloted packing glands of 
added lengths. 

The line is furnished in many stand 
ard sizes and styles, both cushioned, 
and non-cushioned. 


The Tomkins-Johnson Co., Jackson, Mich 


Electrolytic Alkaline 
Descaling Process 


An alkaline electrolytic process for 
derusting of metals will accomplish 
effective and complete scale removal of 
metals by the use of periodic reverse 
current. Cathodic treatment of rusted 
steel and alloy steel parts accomplishes 
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Just because that bathing suit is proper at the beach, she 


shouldn’t assume it’s proper for the classroom, too! 


And just because one bearing is best lubricated by one partic- 
ular grade of oil, you shouldn’t assume that the same oil is best 
for a// bearings on that machine. In many cases it isn’t. 


OIL CUPS permit you to lubricate each bearing with the oil 
best suited to that bearing—thus prolonging bearing life, reduc- 
ing maintenance costs, cutting down-time, boosting production. 
And oil cups fortunately cost very little. 


Gits oil cups have been the standard for industry for more 
than 40 years. Gits Bros. has the largest selection of oil cups 
available anywhere. Call on Gits Bros. for a prompt, efficient 
solution to your lubrication problems. 


Write for free Catalog No. 60-A 


GITs Boe. MEG: Co. 


1838 S. Kilbourn Ave. Chicago 23, Illinois 
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- Build "Sales Features” 
into your Products with 
/j SPECIAL 


@ Why limit the design of your products to ordinary 
fasteners? Special Circle ® bolts can often add sales 
appeal in improved design with greater strength. 
Equally important, you can figure on faster, 

easier assembly at lower unit cost. Call on 

our experience to gain plenty of 

practical advantages. 


@ In specifying and ordering standard 
fasteners, you will find our Catalog 
No. 51 very helpful. Write for 

your copy. 














New Parts and Materials continued 


this rust removal without any attack 
upon the base metal. This makes the 
process applicable for removal of rust 
where no etching can be tolerated on 
the base metal, such as highly finished 
tools, rolls, ball bearings and high 
carbon steel parts. 

The application of periodic reverse 
current, in which the work is made the 
anode from 5 to 30 seconds and then 
the cathode for a like period of time, 
gives clean removal of black heat 
treat, quenching, and other scales on 
steel and alloy steels. Bulk descaling 
of small parts has been accomplished 
in oblique tumbling barrels using a 
carbon electrode. Also, the periodic 
reverse alkaline descaling process is 
said to produce a better surface for 
hard chromium plating with less dan- 
ger of hydrogen embrittlement than 
when acid descaling is done. The use 
of high current densities of 100 to 500 
amp /ft.2 will remove scale from high 
carbon steel wire in from 1 to 2 
minutes 

Enthone, Inc., 


$42 Elm St Neu Haven Co 


Portable Variable 
Transformer 


For portable use in factory and lab- 
oratory, a new small variable trans- 
former has a primary of 117 volts a-c, 
50 watts, with the secondary from 7 
to 13 volts a-c continuously variable 
and 4 amp continuous duty. It can be 


used for 6 to 12 volt lamps, small 
motors, heater elements and for oper- 
ation of a-c relays and solenoids. 
The unit weighs three pounds, and 
measures 34 in. x 4 in. x 34 in. high. 
This transformer will take general use 
in either temporary or permanent fac- 
tory installations, is valuable for ex- 
perimental use in the laboratory, and 
will stand high overloads. 
Pacific Transducer Corp. 


11921 West Pico Bivd., 
Los Angeles 64,Calif. 
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Important savings at Eureka-Williams Corp. because 
ALL drawings are 
reproduced on 
Kodagraph 
Autopositive Paper 


Positive photographic intermediates are produced directly, with- 
out the negative step. A standard print-making machine is used 


In print production ...no wear-and-tear to 
valuable originals. The Eureka-Williams 
Corp., Bloomington, IIL, protects its ever- 
growing investment in drafting time and dollars 
by using low-cost Kodagraph Autopositive in- 
termediates to obtain the desired number of 
shop prints. These intermediates, unlike the 


In drafting ... revisions made 7 times 
faster. The basic designs for Eureka- 
Williams oil burners, furnaces, and 
vacuum cleaners are being modified con- 
stantly for the production of various mod- 
els. Here’s just one way Autopositive is 


for exposure; standard photographic sohitions for processing. 
’ 
A fast, easy room-light operation that saves time and money! 


original drawings, will not smudge or lose line 
density with repeated printings . .. will produce 
highly legible prints time after time. Further- 
more, their dense photographic black lines and 
evenly translucent base permit running the 
prints at uniform, practical speeds. Which adds 
to the convenience —and the economy. 


3. From this, another Autopositive inter- 
mediate is made. 


4. Then the draftsman only has to add the 
new design .. . and a new “file original” 
is ready. From it, additional Autopositives 


can be made for print production. 


used to boil 3 days of drafting time down 


to 3 hours— 


1, An Autopositive intermediate is made of 
the drawing which is to be revised. 


2. The draftsman deletes the unwanted parts 


of this print with a razor blade. 


Costs are also cut by making 
Autopositives of office records, 
and other non-translu- 

cent records which are 
unsuitable for use as 
print-making masters. 


(Kodagraph /Autepesitive Paper 


“THE BIG NEW PLUS’ in engineering drawing reproduction 
—meene — MAIL COUPON FOR FREE BOOKLET - 


on : EASTMAN KODAK COA\PANY, 
Learn how thousands of 


companies are simplifying 
routines with Kodagraph 
Autopositive Paper, which 
you, or your local blue- 
printer, can process 
quickly, at surprisingly low 
cost. Write for a free copy 
of “New Short Cuts and 
Savings.” 


‘New Short Cuts and Savings.” 


ee ee 
Company -~ 


Street __ 


City 


industrial Photographic Division, Rochester 4, N. Y. 


Gentlemen: Please send me a free copy of your new illustrated booklet, 


a 


— Position ff 





AKkodalk 


TRADE -MARK 








“the Process that Helped -to- 
SPEED UP 


JET ENGINE PRODUCTION 


Complicated power blades and buckets for jet engines 
require the use of high-melting-point alloys that are slow 
and costly to produce by ordinary methods of manufacturing. 
The Microcast Process of investment casting produces 
these parts for use as cast, reducing machining 

and grinding operations to an absolute minimum. 

This process is particularly well suited to 

similar applications requiring the use of high-t2mperature 
alloys. Let us show you how MICROCAST parts 

can fit into your product's design. 


MICROCAST austenal laboratories, inc. 


224 East 39th St., New York 16, New York 


DIVISION 7001 South Chicago Ave., Chicago 37, Ill. 





c 


Write for 
booklet and 
information 

on new 
color movie. 








MEETINGS 





March 9-12 


NATIONAL ELECTRICAL MANUFAC- 
TURERS ASSOCIATION——Annual Meet- 
ing, Edgewater Beach Hotel, Chicago, 
Ill. 


March 15-19 


AMERICAN CHEMICAL SOCIETY 
National Meeting, Hotels Statler and 
Biltmore, Los Angeles, Calif. 


March 16-20 


NATIONAL ASSOCIATION OF Cor- 
ROSION ENGINEERS—1953 Conference 
and Exhibition, Sherman Hotel, Chi- 
cago, Ill. 


March 17-26 


RoyAL NETHERLANDS INDUSTRIES 
Fair—Utrecht, Holland. 


March 18-20 


AMERICAN SOCIETY OF TOOL ENGI- 
NEERS—Annual Meeting, Statler 
Hotel, Detroit, Mich. 


March 23-26 


INSTITUTE OF RADIO ENGINEERS 
National Convention, Seminar, and 
Exhibition, Hotel Waldorf, Hotel Bel- 
mont Plaza, and Grand Central Palace, 
New York, N. Y. 


March 23-27 


AMERICAN SOCIETY FOR METALS 
Western Metal Congress and Exposi- 
tion, Pan-Pacific Auditorium, Los An- 
geles, Calif. 


March 25-27 


SOCIETY OF AUTOMOTIVE ENGI- 
NEERS—National Production Meeting, 
Hotel Statler, Cleveland, Ohio 


March 25-27 


PRESSED METAL INSTITUTE—An- 
nual Spring Technical Meeting, Hotel 
Carter, Cleveland, Ohio. 


March 27 


MALLEABLE FOUNDERS’ SOCIETY— 
Western Sectional Meeting, Hotel 
Drake, Chicago, Ill. 


March 21-April 2 


MAGNESIUM ASSOCIATION—Inter- 
national Magnesium Exposition, 
Washington National Guard Armory, 
Washington, D. C. 


April 18-19 


PACKAGING MACHINERY MANU- 
FACTURERS INSTITUTE—Semi-Annual 
Meeting, Sheraton Hotel, Chicago, III. 
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TYPE “H” e 


Horizontal or Vertical Drive— 
Each drive type comes in 15 
sizes, with ratio ranges of 5.6:1 
to 100:1 and from .06 to 206 
horsepower. 





MOTORIZED « 


Horizontal or Vertical Drive— 
Each drive type comes in 11 
sizes, has ratio range of 5.6:1 
to 100:1, with “% to 30 horse- 
power, driven speeds of 310 
r.p.m. to 17.4 r.p.m. Vertical 
drive slow speed shaft extends 
either upward or downward. 


ESTABLISHED 
1888 


TYPE “’S” 


Horizontal or Vertical Drive— 
Each type available in 8 sizes, 
ratio range of 5.66:1 to 100:1 


W ‘@) R M G E A R S a iliems tibas Une bumeenaen 


DOUBLE « 


AND Horizontal or Vertical Drive— 
Each drive type available in 13 
sizes, ratio range of 130:1 to 


10000 and from .004 to 59.7 

W e) RM e FA R horsepower. Vertical drive slow 

4 speed shaft extends either up- 
word or downward. 





WORM GEARS 


Generated on tangen- 
tial feed hobbing ma- 
chines by tapered and 
ground hobs. Made 
from 1” to 100” in 
diometer and from 24 


DP to 1 DP. 








are available to users 
of Gears and Gear Reducers—con- 


taining valuable engineering data, D. O. JAMES Worm Gears and Worm Gear 


specifications, weights and prices. 


Send for 


and 45-C for 
Complete 
information 
on Worm Gear 
Reducers 
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Reducers are designed and manufactured to have 
maximum inbuilt strength and to assure dependable 
on-the-job performance. The many and repeated 
installations of these reducers testify to their 


operating superiority and adaptability. 


, 
DOS asees GEAR 


MANUFACTURING COMPANY 


1140. WEST MONROE SFREET CHICAGO, ILLINOIS 


SINCE 1888—MAKERS OF ALL TYPES OF GEARS AND GEAR SPEED REDUCERS 


9 255 
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THIS LUBRICANT 
INCREASED 

BEARING LIFE 

FROM 2 WEEKS 
TO 2 YEARS" 


—says THE GLOBE COMPANY 











Vo acids and moisture, 


most harmful to ball and roller 
bearings prevails in the entire meat 
packing industry. With conventional 
lubricants, some of the bearings in our 
Roto-Cut machines did not last two 
weeks. Since using Ball Bearing 
LUBRIPLATEin machines operating con- 
tinuously 24 hours a day for over two 
years, we have not had a single bearing 
replacement.” 


For nearest LUBRIPLATE distributor, 
see Classified Telephone Directory. 
Send for free 56-page ‘‘LUBRIPLATE 
DaTA Book”’. .. a valuable treatise on 
lubrication. Write LUBRIPLATE DIVI- 
SION, Fiske Brothers Refining Co., 
Newark 5, N. J. or Toledo 5, Ohio. 


REGARDLESS OF THE SIZE 
AND TYPE OF YOUR MACHIN- 
ery LUBRIPLATE 
LUBRICANTS WILL IMPROVE 
ITS OPERATION AND REDUCE 
MAINTENANCE COSTS. 


ne 
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$303 


MODERN L| 


Sans, Souct 


Ad Libbing by the Editor 


The other day I got a letter from 
Alfred J. Koorey, Research Associate 
in the School of Engineering at The 
Pennsylvania State College. He stated, 
“I would like to add my humble 
thoughts to the passing parade by sug- 
gesting that, “Necessity may be the 
Mother of Invention . . . but Com- 
petition is the Father of Research.’” 
It is true that many inventions are 
born out of sheer necessity and unques- 
tionably many companies are com- 
pelled to undertake research for no 
other reason than that their competi- 
tion compels them to. 

In thinking back over the years, I 
am forced to the conclusion that a 
company that does not undertake 
research until it is forced to do so by 
competition will usually find itself 
bankrupt or pretty close to it before 
there are any fruits of research. 

Research, be it pure science research 
or applied research is not a matter of 
laboratories and organization charts 
and bellicose reports. It is a state of 
mind. It is a way of thinking, plus 
the necessary tools for thinking. Leo- 
nardo da Vinci did not have a wonder- 
ful laboratory with electronic calcu- 
lators, testing machines of all kinds, 
staff assistants and technicians. All he 
had was a wonderful mind and a way 
of using it. The important point is 
that da Vinci possessed the essential 
ingredient for successful research. Ad 
mittedly, now that we are digging deep 
into the bowels of knowledge it is 
necessary, in addition to the research 
workers, to provide laboratories, excel- 
lent working conditions, an atmos- 
phere conducive to calm thinking plus 
all of the contrivances that might 
facilitate and stimulate the birth of 
original ideas. 

In some companies the beginning 
of a research department follows along 
the same general lines. Some among 
the top brass get the idea they must do 
research. The first step is then to ap- 
= from within the organization or 
ire from outside the organization a 
research director.. Step number two is 
to give to the résearch director suitable 
working space. This working space 
will vary all the way from a single one 
room office to a huge edifice that be- 
speaks wealth and grandeur. Step 
number three is for various individ- 
uals among the top brass to suggest 
research projects. These might range 





Heavy-duty Model 
1065 shown. ¥3 to 2 
HP, 3.8 to 21 CFM, 
10 to 30 PSI. Direct or 
V-belt. 


rl 


ht oe 


Light-duty Model 
0440 shown. V4 to 3 
HP, 2 to 5.6 CFM, 7 
to 20 PSI. Direct or 


Integral Motor— 
Pump Model 0710, %4 
HP, 1.3 CFM, to 25 


ome 


better appearance 
better performance 


FOR YOUR 
PRODUCTS 


with ratary-vane 


GAST air 
COMPRESSORS 


MANY SIZES, TYPES 


V-belt Dual Chamber 
10 x 1040. 9 CFM each 
side, vac. to 20”, 
pres. to 20 Ibs. 





Offer your customers better perform- 
ance, better appearance! Specify Gast 
rotary-vane Air Compressors as origi- 
nal equipment on products where com- 
pressed air of 10 to 30 Ibs. is needed. 
Select from 1.3 to 24 CFM range — 
numerous sizes and combinations. Pre- 
cision built; integral-motor, V-belt or di- 
rect drive models; standard accessories. 
see our cateleg in 
98 : 

Investigate! See why 

‘Gast Air Compressors 

‘ give you specific advan- 

“wit rr tages for aerating, atom- 
izing, blowing, liquid displacing, etc. 
Write for Catalog and Application 
Ideas Booklet! 


Original Equipment Manufacturers 
for Over 25 Years 


LASTS am, 


AIR MOTORS - COMPRESSORS - VACUUM PUMPS 
(TO THeti HP) (10 30 185) (70 28 tNCHES) 
GAST MANUFACTURING CORP, #39 Hinkley St, Benton Merber, Mich. 
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FOR THE 


BENDING, FLARING, 


SWAGING, HI-PRESSURE SPECIFICATIONS 


3/16” O.D. TO 5/8” O.D. 
PLAIN OR TERNE COATED 


GQalricated to YOUR PRINT 


7 


rere 
sae Tobieg weve « FaUe 


CURRENT CATALOG 
ON REQUEST 


@ Avon Fusionweld—thin wall steel tubing—serves a con- 
stantly expanding variety of industrial needs . . . is fusion welded 
under a new, rigidly controlled hi-cycle process to insure uniform- 
ity of wall strength and structure . . . meets the highest standards 
for tensile strength, ductility, resistance to fatigue and pressures. 


Available in straight lengths or continuous coils. May be specified 
“as welded” for miscellaneous commercial purposes; “hard 
drawn” in machining operations where threading, knurling, pierc- 
ing, are specified; “annealed” to serve the most difficult problems 
of bending, flaring, swaging, beading and coiling without crack- 
ing, tearing or checking—to carry fluids under high pressures. 


Widely used in automotive, refrigeration, air conditioning, space 
heater, stove, electrical, radio, TV and toy manufacturing indus- 
tries. Post yourself on the superior economy and performance of 
Fusionweld—truly the tubing with a future! Let Avon help you 
find a more suitable answer to your tubing problems. 


FUSITONWELD...THE FTUBING WITH A FUTURE 


AVON TUBE DIVISION foe's 12k 


Product Engineering — March, 1953 





WASHERS 
- STAMPINGS 


Production Demands 
Since 1887... 


Over ao period of 65 years, pro- 


” ducing stondard and special washers of 


all types for all industries, we have 
made up more than 25,000 sets of dies 
. » « used in the production of washers 
which are stocked in thousands of dif- 
ferent sizes. On special orders we will 
make up dies to your specifications. 


Let us quote on your requirements for 
washers and stampings . . . covering 
fabrication in any material and any 
finish . . machined, heat-treated or 
surface ground, as may be specified. 


WROUGHT WASHER 
MANUFACTURING CO. 


A 


The World's Largest Producer of Washers 


Send for Nicholson 


FLOAT BULLETIN 650 


Complete Data on Welded Floats; Diagrams, 
Tables, Formulae for Calculating Buoyancies 


The booklet is a standard r2ference for 
specifiers of welded floats. Nicholson 
furnishes any type for external or inter- 
nal pressures; in stainless steel, Monel, 
chr , cadmium or copper - plated 





steel. Sizes, 2” to 14” diam., press. to 
4800 Ibs.; standard or special connec- 
tions. Quick delivery on many sizes and 
shapes. Nicholson floats are standard 
with hundreds of manufacturers. 








NICHOLSON Juuy 


TRAPS: VALVES: FLOATS 


200 OREGON ST. WILKES-BARRE, PA. 








Sans Souci continued 


all the way from the development of 
the design of a gearless differential to 
the formulation of a material that 
will have the strength of steel, the elas- 
ticity and softness of rubber and that 
will be a perfect heat conductor but 
also a perfect electrical insulator. Then 
there follow some pet projects stimu 
lated by the needs and desires of com 
pany officers. The next step is either 
the beginning of true research or the 
swift demise of a bad beginning 


A Terrible Disease 


About two years ago Walter H 
Kohl of Collins Radio Company, 
Cedar Rapids, Iowa, had an interesting 
little article in the proceedings of the 
Institute of Radio Engineers. Among 
other things he said, “Although in 
formation and general directives arc 
most conveniently distributed by mem 
oranda, an organization should be on 
its guard against the not altogether 
rare disease which might be called 
memoranditis’. It thrives in all cli- 
mates, desregards age or sex, feeds on 
reams of paper, and incidentally de- 
stroys the morale of the people affected 
by it. It makes its appearance singly 
or in multiple copies. The vicious kind 
feeds on arguments. To send such 
missiles to the fellow next door, so to 
speak, is very poor technique. It is 
much better to talk things out than 
to write them out.” 

Most readers will agree with Mr 
Kohl. In fact, they might even send 
him a memorandum about it. But, 
seriously, the extravagant use of mem 
oranda is one of the curses of business 
The companion curse is the filing of 
memoranda plus everything els 

It seems to be a weakness of human 
nature to save anything and every- 
thing, and especially correspondenc« 
There is an old proverb, ‘Merely that 
I have it, saith the raven.” The ex 
planation is that the raven is a natural 
thief who steals everything and any- 
thing and stores it away. The stuff is 
entirely useless to the bird but being 
that kind of a bird the raven goes to 
great pains to gather the junk and hide 
it away some place. 

That is exactly what humans love 
to do with correspondence. They want 
a file on this and a file on that. For 
years and years correspondence and 
memoranda are filed away with greatest 
care. But nobody ever looks at it 

Recently there was an article broad- 
cast by the Associated Press written by 
Sam Dawson. According to that articl 
the results of a survey show that 95 
percent of the papers filed by the 
nation’s firms are never used again. 
One might suspect that most of the five 
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another case wiere wel es the jok best... 














@ Remember-the_cumble ap af that began when the old-style drive 
shaft under the floor started vibrating and whipping at 40 MPH.? 
Today's automobiles can travel at twice Grandpa's speed with never a 
whisper of whip and rumble from the propeller shaft. Many such shafts 
are Republic ELECTRUNITE Tubing...uniformly round, fully concentric, 
with uniform wall thickness all around the tube and from end-to-end. 
There can be no heavy spots or light spots to throw the rotating tube 
out of balance. 

Another advantage . . . Republic ELECTRUNITE Tubing has plenty of 
strength to withstand the reversal of torque when you release the 
accelerator and change from engine-driving to engine-braking conditions. 
The uniform walls of the light-and-strong hollow steel tube can “take” 
this twist for hundreds of thousands of miles. 


This propeller shaft should give you the idea that welded stee! 
tubing made the Republic ELECTRUNITE Way can take a lot of 
punishment . .. and come back for more. We'd like to tell you 
all the things that Republic ELECTRUNITE Tubing is doing success- 


a 


yl REPUBLIC STEEL CORPORATION 
222 East 131st Street © Cleveland 8, Ohie 


t 
ae fully, and at lower cost. Write to: 
A STEEL AND TUBES DIVISION 
+ 


Write for this booklet 
of design data and 
ideas om Republic 
ELSCTRUNITE Me- 
chanical Tubing. 
Ask for “Booklet 
STMT 100.” 


ELECTRUNITE TUBING 


Product Engineering — March, 1953 





Se] 


TOP! START STOP! start STOP! start STOP! 


Instantaneous Drag-free 


STOPS! START 


U 


“START STOP! START STOP!START STOP! START 
LYVLS idOLSLUWLS idOLSLYWLS idOLSLYWLS 


OP! sTART STOP! start STOP! start STOP! 


minute after minute YEAR AFTER YEAR 
with Star-Kimble Brakemotors 


That extra-large brakelining area you see brings a Star-Kimble Brake- 
motor and its connected load to an extra-fast stop—as short as a fifth 
of a second from full speed to standstill if desired. 


And the small air gap contributes to equally fast starts. Brake is released 
the instant motor current is switched on—equipment starts without drag. 


That's the story of a single Star-Kimble stop-start cycle. And the expe- 
rience of user after user proves that Star-Kimble Brakemotors maintain 
the same splii-second stops, the same smooth starts, through hundreds of 
thousands of cycles. In reversing service, conventional plugging methods 
with a typical 5 hp motor allow only 3 starts per minute. With a 
Star-Kimble Brakemotor, the figure is boosted to 10! 

Of course, every Star-Kimble Brakemotor is a compact, integral unit 
designed to save space-—and give rugged, dependable performance. 
One manufacturer—one responsibility. 


For the full story, write for Bulletin B-501-A 


AR-KIMBLE 


MOTOR DIVISION 
HLE PRINTING PRESS AND MFG. CO. 


1 Bloomfield Avenue Bloomfield, New Jersey — 
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percent of the papers that are referred 
to again are of little real value. 

In reporting this study which was 
released by the National Records Man- 
agement Council, corporate records 
now occupy office space valued at one 
hundred and fifty million dollars per 
year plus outside office storage space 
valued at between one hundred and 
fifty to two hundred and fifty million 
dollars per year. That totals about 
one-third of a billion dollars. It is 
estimated that one trillion pieces of 
paper are stuffed in the nation’s 
business files. Much of this material 
could be burned or sold as waste 
paper without anybody missing it. The 
government's hoard of papers fills 
eighteen and one-half million cubic 
feet of filing space in spite of the fact 
that the federal agencies have been 
destroying two and one-half million 
cubic feet of records annually, effecting 
a saving of nearly five and one-half 
million dollars per year. 

According to the report, Emmet J 
Leahy, president of the National 
Records Management Council, _be- 
lieves that business firms are worse 
offenders than the government in the 
matter of record keeping. 

Right along the same line of record 
keeping is the matter of sending copies 
of correspondence to various individ- 
uals. Here is a plage where the engi- 
neering department is a great offender. 
It is a simple matter to find out who 
really needs copies of the prints. The 
way it is done is simply to stop sending 
a copy of the new prints to Mr. Jones 
who thinks he needs a copy of every 
print. If he fails to squawk for his 
copies we have established the fact 
that he really does not need them. 
Following this procedure in batches 
of ten percent of the recipients of 
copies every month, it becomes a very 
simple procedure to reduce the copies 
of prints, change notices and similar 
memoranda to a minimum. One com- 
pany that followed this procedure 
achieved a saving of thirty thousand 
dollars per year in the cost of blue- 
prints and extra copies of notices. To 
this saving must be added the savings 
in messenger girl service, the savings 
in the handling time involved and all 
the other intangibles. 

Of course it is always possible to 
make a mistake in a matter of this 
kind which brings up another subject. 
At one of the crucial football games 
of a great university the right tackle 
failed to take out his man on one of 
the important plays. The coach im- 
mediately yanked him out of the game 
and as the young fellow came off the 
field he meekly looked at the coach 
and said, “I am sorry, coach.” To this 
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HOLD ON A MINUTE, THOUGH! 
Detroit's cut price tags on '53 cars—and put a sales 
Why worry NOW about product costs ? push behind them. Looks as if competition is here 

Company sales are good! again. So why don't you keep a step ahead of your 

. . . front office? 
And everybody's prices are high! 

Be the first in your company to plug new product 
thinking—cost-wise and performance-wise. 





Here’s an idea: specify 


"COMPO" and "POWDIRON" bearings and parts 


(porous bronze) (sintered iron) 


These oil-retaining products of Bound Brook powder metallurgy . . . 
last for years without attention. Often outlast the product in which they are installed. 
Cut down on size of metal housings. 
Need no skilled labor to install. 


Like to know whot to tel! fron) office about these beorings and ports? 
Our bulletins on advantages, applications, installation methods will give 


Sn ee m BOU KO BROOK 


Buy Bound Brook ; OIL-LESS BEARING COMPANY 





Bound Brook, N. J. Bound Brook 9-0441 
MANUFACTURERS OF BEARINGS AND PARTS © ESTABLISHED 1883 
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tees Sans, Souci ...... continued 

do: ee 

altis ” the coach replied, “Don’t be sorry, be 

AHEAD OF THE’ VAPOR TRAIL 600 right!” Those five words, spoken 

ae without sarcasm and with great force 

ok oa and sincerity made a tremendous im 

pression upon the young football 

| player. He has never forgotten the ex- 

| pression. Today he is president of his 

company and I am quite sure that the 

pointed advice given to him by his 

coach has played a great part in that 

man’s success. 

It is all right to regret an act, but it 

is far better to determine that it shall 

| mot occur again, and other than that 

forget it. Self recrimination leads to 

self pity which finally ends in weaken- 

ing character. Strong men do not 

dwell upon their mistakes. They cor- 

rect them and then forge ahead, for 

| getting the mistake but remembering 
never to let it occur again. 

G.F.N 





Automatic Recognizer 
| May Replace 
Telephone Dial 


SCIENTISTS AT THE BELL TELEPHONE 
LABORATORIES have developed an ex- 
perimental electronic device that can 
recognize numbers spoken into it. 
: ’ : . : Named “Audrey”, for automatic digit 
HAT streak in the sky is a Curtiss-Wright Sapphire J-65 recognizer, the unit automatically de- 
Turbo Jet Engine powering a high-altitude plane. The intense termines which of ten numbers from 
“1” through “0” has been spoken into 
ee an ordinary telephone. 
to disintegrate “normal"” materials, formed in the usual way. Basically, Audrey is a combination 
of the relays already used in modern 
pM : : ni dial telephone systems. It operates on 
Castings of special heat-resistant alloys are giving dependable a principle of memory and matching. 
service aS... Numbers, spoken into it, are stored 
in a memory cell; the device then sorts 
TURBINE SHROUDS the speech sounds into electrical cate- 
HEAT SHIELD SUPPORTS Heve you seen... gories which conform in their own 
STEEL WITH A medium to sound wave patterns. By 
THOUSAND QUALITIES? matching these categories against 
standard reference patterns set up elec- 
tronically, the machine can pick out 
showing steel castings the standard pattern that best fits the 


““CENTRI-DIE”, patented name for from blueprint to end use electrical pattern. This actuates a set 
method of casting steel centrifugally in should be shown to your of relays to close a particular ciscunt. 
metal molds, under license agreement organization. For infor- Bell Labs warns that the device is 
with Fireh-Vichers Stainless Steels mation, write: Dept. C,. not yet perfected. Dialing will stay 
Limited, Sheffield, England. Lebanon Lebanon Steel Foundry, with telephones for some years to come 
also makes steel castings, both static and Lebanon, Pa. since several problems are yet to be 
centrifugal, in refractory molds. solved. Typical examples: Audrey will 
not respond to a variety of speakers 
’ a unless it is first adjusted for each 
L E BAN re) ey a voice; it will not tolerate careless 
enunciations or accents; and it cannot 
understand words as yet. 

But telephone people have great 
| hopes for the device. Eventually they 
visualize completing calls by simply 
speaking the desired number into the 

mouthpiece of the telephone. 


heat—approximately 1500° F.—developed during flight is enough 


Yet in this inferno of power Lebanon Stainless Steel Centrifugal* 





EXHAUST CONE FLANGES 
COMBUSTION CHAMBER FLANGES This 37-min., 16 mm. 
TURBINE BLADE SPACER RINGS full-color sound film 











CARBON, SPECIAL ALLOY 
AND STAINLESS STEEL 
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MAXITORG 


OVERLOAD 
RELEASE 


CLUTCH 


To designers and manufacturers of high-speed automatic 
machinery, Carlyle Johnson offers practical engineering recommen- 


dations for applications of this protective power transmission unit. 


Let's consider, for instance, a can or bottle labeling machine... 
when an accidental overload shock occurs. Labels go flying all over the 
place, cans or bottles gang up and are dented or broken, the driving 


mechanism is jammed... and all that costs money and down-time. 


But not if your original power transmission is controlled by 
the Maxitorg automatic Overload Release Clutch, which is manually 
adjusted to transmit the normal running load and instantly dis- 
engages into neutral when the overload strikes, With a minimum 


of clean-up, the clutch is re-engaged ...and all is well. 


Overload Release Cups (note the cam construction) are the 
means by which the clutch is connected to the driven or driving 
member. We make them at relatively low cost ...and can also supply 
hub, ring, flange, or cut-off coupling types to suit your specific con- 
ditions. Clutches standardized in 6 sizes, 4 to 5 H.P. @ 100 r.p.m.; 
working torque, 13 to 263 ft. Ibs. 


Send for bulletin PE-150-3 


THE CARLYLE JOHNSON MACHINE CO. 
MANCHESTER... . . CONNECTICUT 


—_— 
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SPEAKING 


There are quite a few types of clutches 
but, within its capacity, the Maxitorg Float- 
ing Disc Clutch is not excelled in applica 
tions for which it is intended. The Carlyle 
Johnson Machine Company is celebrating 
its 50th anniversary of clutch manufacture. 
Throughout those years, our engineers have 
developed new design features, more and 
more compact construction, improved 
wearing qualities, and better machining 
practices for maintaining reasonable costs 

Perhaps the outstanding design feature 
is the patented ‘Separator Springs,” a def 
nite improvement that moved multiple disc 
clutches up to the front line. Used between 
each pair of inner discs, they spread them 
endways with an accordion action, so that 
light may be seen between all discs when 
the clutch is in neutral. Therefore, there is 
no drag, no abrasion, no heating. The discs 
actually “float” or ride free when the 
clutch is in the neutral position 

Carlyle Johnson's method of finishing 
the engaging faces of the discs assures flat, 
true surfaces. This means that under en 
gagement there are no high or low spots 
... the entire area of the surfaces has an 
evenly distributed contact. Obviously, disc 
service life is greatly extended. Such refine 
ments are the result of continuous study by 
our engineers to make and keep the Maxi- 
torg name high on the list of machine and 
product designers for their original equip 
ment for control of power transmission 

Your problems are in good hands if you 
put them up to our engineers for solution 
We've traveled the country over to check 
on the best and most practical installations 

and we're on call whenever a problem 
arises. Just ask for Frank R. Simon, The 
Carlyle Johnson Machine Company, Man 


chester, Conn 
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when 
quality counts 





and accuracy 
is important 
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call 


tandard 
Stamping 


for all perforated 
metals, plastics, 
masonites, papers 


Standard ee & 


PERFORATING COMPANY 


YI31 West.49th Place, Chicas 


Write now for more infor- 
mation and for a copy of our new 
folder “There Are Holes in Our Story.” 


P_PF 
Name 





Company 
Address 
City.__Zone___ State 














American Sports Car 
Nears Production 


AN AMERICAN SPORTS CAR having a 
laminated fiber glass body will be 
placed in production in July by Kaiser- 
Frazer Corp. Initial schedule calls for 
2,000 units. 

Designated as DKF-161, the new 
sports model will incorporate many 
new and distinctive features. It is 
claimed that Afferican interest in an 
American-built European type sports 
car speeded up K-F's decision to vol- 
ume produce the new units. 


Plastic Cuts 
Lead-Wire Deterioration 


| PLASTIC IMPREGNATED LEAD-WIRES are 
| being installed on aircraft engines to 
| replace rubber covered type which de- 


teriorated from ozone and high tem- 


perature deterioration, according to B. 


F. Goodrich Co. ; 
Carrying high voltage from the 


transformer coil to a spark plug, the | 
leadwire consists of multiple layers of | 


nickel braid with Geon vinyl paste 


resin sandwiched between each laver. | 

Use of the plastic impregnation braid | 
| combination, reduces total weight of | 
| the lead-wire and makes it more flex- | 
| ible than the older flexible metal tube | 


insert assembly. Other advantages 


claimed are the plastic’s resistance to | 
effects of engine flushing solvents and | 


not to support combustion. 


|New X-ray Sharpens 
Medical Research 


THREE-DIMENSIONAL X-RAY MOTION 
PICTURES promise to aid the study 
and diagnosis of congenital heart dis- 
ease, as well as joint and chest 
diseases, by showing clearly the rela- 
tive positions of organs both in normal 
and abnormal conditions. 

Novel feature of the development 
by Rochester University’s 
School is that the method requires no 
modification of existing cinefluoro- 


graphic camera. Film produced can be | 
used for conventional motion picture | 


projection as well as stereoscopic. 


One camera, either a 35 mm or 70 | 


mm, is used to photograph the subject. 
Stereoscopic effect is obtained by a 
moving X-ray tube synchronized to 
move in an arc maintaining the posi- 
tion of the X-ray beam on the subject. 


The moving X-ray tube, and the syn- | 
chronized rotation of the subject on a | 
revolving chair operated by an elec- | 


tric mechanism, give the necessary im- 
age shift to create the binocular effect 


necessary for stereoscopic visualization | 
of the image. Two prints of the film | 


are made. 











Medical | 


. . your machi 
teoger with Thomas 


Distinctive Advantages of 
THOMAS FLEXIBLE COUPLINGS 
@ NO MAINTENANCE ) 

@ NO LUBRICATION 
@ NO BACKLASH 
@ NO WEARING PAk 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for parallel 
and angular misalignment 
as well as free end float. 





Thomas Couplings 
ve a wide range 
of Speeds, 
horsepower and 
shaft sizes, 
with new types 
Ovailable for extre 
high speed 
@pplications. 








THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT 


NO MAINTENANCE PROBLEMS 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER 


Write for our new 
Engineering Catalog No. 51 


THOMAS FLEXIBLE 


COUPLING CO. 
WARREN, PENNSYLVANIA. U.S.A. 
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Increasing System Reliability 
With Magnetic Amplifiers 


Abstracted from “What Magnetic Ampli- 
fiers Can Do To Increase Aircraft Relia- 
bility’ by George F. Schroeder, Asst. 
Chief Engineer, Ford Instrument Co. as 
presented before The Institute of the 
Aeronautical Sciences, January 28, 1953. 
THE SATURABLE REACTOR or magnetic 
amplifying element can function in 
one of several capacities: As an ampli- 
fier, relay device, voltage or frequency 
sensing element. Consequently, the 
reactors are applicable to many diverse 
types of airborne equipments such as: 
navigational computing instruments; 
armament control systems; rocket con- 
trol devices; power-driven gun tur- 
rets; radar antenna drives; control sur- 
face and landing-gear systems; fre- 
quency changers and converters; auto- 
pilots ; boosters; and radar. 

For application — magnetic 
amplifiers are evaluated on the basis of | 
the following criteria: sensitivity, gain, 
linearity, response time, and stability. 

Amplifiers sensitive to signals less | 
than one milliwatt include magnetic 
amplification of such low energy sig- 
nals as those derived from thermocou- 
ples, control transformers, potentiom- 
eters and various sensing devices. 

Power gains of single stage ampli- 
fiers have reached one million. Al- 
though there is no theoretical limit 
to single-stage power gains, practical 
considerations usually limit amplifica- 
tion to much lower values. The con- 
trolling factors in addition to those of 
fabrication, are linearity, circuit sta- 
bility and signal-to-noise ratio. 

Thus, where relatively large gains | 
are required, it is necessary to cascade | 
two or more stages. The input stage 
is operated at low power and voltage 
levels, thereby increasing sensitivity 
over that of an equivalent single-stage 


Output, percent 





+ 
Input signal 
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Roth Rubber Molds 
Shock-Resistant 


Aircraft Transformer 


Special Neoprene formu- 
lation by Roth makes this 
Transformer Case oil-, 
corrosion- and shock- 
resistant—provides com- 
plete protection against 
arctic and tropical 
weather. Describe your 
rubber problem to Roth 
_ Roth chemists 
and engineers will 
develop a 

solution. 


Easier to assemble and seal than the 
old fashioned metal case, this shock- 
resistant rubber molding by Roth for 
the Jefferson Electric Company has 
other significant advantages for 

the airport operator: it is corrosion- 
resistant, oil-resistant; and it provides 
complete protection to its contents 
against high altitude conditions and the 
extremes of arctic and tropical weather. 


This molding is another illustration of 
the use of rubber to replace corrosive 
metals. Formulated and produced by 
Roth in cooperation with the Jefferson 
Electric Company to meet military and 
CAA performance requirements under all 
operational conditions in any climate, 

it shows how Roth chemists and 
engineers apply their knowledge of the 
latest developments in rubber technology 
to the solution of the customer's 

design, performance and cost problems. 


What's your rubber problem? 
Roth Rubber can help you, too! 


Thirty Years in Business — Custom Manufacturers 
of Industrial Rubber Products since 1923 





RoE) LUBBsR COW PARTY ) 





1856 S. 54th Avenue, Chicago 50 


0 Send Roth Manual 
CD Please comment on attached description of our rubber 
problem 


Name 





Position 








Company 
Addres 
City 
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Most Specified... 


Most Used... 
Most H. P. Hours... 


WISCONSIN 


HEAVY-DUTY 


ptin-Cooled 
ENGINES 


Specified as integral power units 
by more than 500 original equip- 
ment manufacturers .. . 
Delivering dependable, efficient power on 
@ greater variety of service applications 
then all other makes of engines combined, 
in a 3 to 36 hp. range. . 


Supplying Most H.P. Hours of heavy-duty 
on-the-job power in all weather, all cli- 
motes... 


Constantly demonstrating the outstanding 


3 to 6 hp. 6 to 9 hp. 
Ss ees .§ Sa 





7 to 141) np. 15 to 36 hp. 


Power 


to Fit the 
BI) ) 


Power 


to Fit the 
Machine 


efficiency and trouble-free dependability 
of AIR-COOLING ... 


These are some of the factors worth con- 
sidering in the selection of engine power 
for YOUR equipment. Detailed engineering 
data and descriptive literature on request. 


*. WISCONSIN MOTOR CORPORATION 


World's Largest Builders of Heavy-Duty Air-Cooled Engines 
MILWAUKEE 46, WISCONSIN 





ig 














cut to your specifications. 
sprockets . . 

.. Zerol.. 
Send blue prints or samples for prompt 
estimates on any quantity. 


STOCK SPROCKET CATALOG ON REQUEST 


707 Raymond Ave. 








Gears for every industry are precision 


Racks . . 
. spur... bevel... spiral 
. worms and worm gears. 


St. Paul 14, Minn. 
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amplifier. By working with lower volt- 
ages, smaller rectifiers can be used in 
each stage. In addition, voltages in- 
duced in the control windings are 
minimized, facilitating their reduction 
to a negligible level at the input sig- 
nal source by. the balancing effect of 
the amplifier circuits. 

Linearity of a typical half-wave 
bridge stage is shown by the gain 
curve, Fig. 1. There is a constant out 
put-input ratio up to 80 percent of 
the output load, and above 80 percent 
the curve becomes non-linear. De- 
pending upon the requirements of the 
particular circuit, linearity can be ex- 
tended over a larger range of input 
signals by the use of negative feed 
back at the cost of some gain 

The amplifier time constant should 
be as small as possible and symmetri 
cal, that is, the same for both in 
creasing and decreasing signals. By 
suitable design techniques, magnetic 
amplifiers can be made to satisfy the 
response time requirements for most 
applications. 

Response time for a single-stage 
self-saturating circuit has a theoretical 
minimum of one-half cycle since the 
rectifier in series with the anode wind- 
ing de-energizes the reactor for one- 
half cycle. For example, a 400 cycle 
system responds in less than one-sixth 
the time of a 60 cycle system. At 
higher frequencies, the effect of th« 
shunt capacitance of the common types 
of rectifier cells becomes appreciable 
which gives rise to circuit instability. 
If germanium crystal or similar recti- 
fiers are used, it is possible to reach 
the megacycle range. 

To develop circuits that have re 
sponse times approaching the theoreti 
cal minimum of one-half cycle, it is 
necessary to minimize the magnitude 
of the circulating currents. With large 
circulating currents present, the sys 
tem takes longer to reach its steady 
state. Also, the system suffers losses in 
gain and sensitivity. Special circuits 
have been devised to minimize this ef- 
fect. 

A more thorough representation am- 
plifier performance than response time 
is given by the frequency response 
characteristics of Fig. 2, which is a plot 
of such data for a single-stage circuit 
having a modulated 400 cycle input 
signal. The absc'ssa scale represents 


SAO 
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Shows a difference 


Py, 4 = 


in Manion regular’ 


ITS magnetic SYSTEM 


WL 


MARION regu/ars 


In addition to being the largest producer of Rug- 
gedized electrical indicating instruments, Marion 
has served industry for many years with a line of 
unsealed instruments for commercial applications 
These instruments (Marion “‘Regulars’’) have been 
refined through the years and today serve the 
“blue chips” of industry in the most critical opera- 
tions. 


The design of these instruments has stayed abreast 
of new materials and the latest in manufacturing 
methods. At the same time they have retained the 
basic simplicity of Marion functional design. This 
combined with an efficient, cost-conscious manu- 
facturing organization, affords finer instruments at 
lower cost 


Marion “Regulars” are selected by the world's 
most discriminating manufacturers of the finest 
electronic and electrical equipment as a basic 
major component of their finest products. 


Marion Electrical Instrument Company 
415 Canal Street, Manchester, N. H., U.S. A. 





Of the various elements that make up an electrical instrument, perhaps 
the most important is its magnetic system. The strength, uniformity 
and stability of the magnetic field determine the degree of accuracy 
and reliability of the instrument. Here is how Marion design provides 
a magnetic structure of great strength, uniformity and stability, and at 
the same time keeps weight and cost at a minimum 


MAGNET 


All Marion magnets are large. well-aged, 
precisely ground Alnico II or Alnico V, care- 
fully checked for magnetic uniformity and 
maximum stable energy 


POLE PIECES 


All Marion instruments use sintered and 
annealed high-permeability, fu// solt-iron 
pole pieces, of the type employed in the 
finest of laboratory instruments 


MAGNET ASSEMBLY 


The pole pieces are perma- 
nently fastened to the mag- 
net by induction soldering 
Spring loaded fixtures force 
excess solder out of the seams, 
leaving a thin film of great 
bond strength and low mag- 
netic loss. Final separation 
(A) of pole pieces is done 
after soldering operation, holding gap con- 
centricity to better than .001 


CORE 


All Marion “Regulars” use closely machined 
soft-iron cores which are precisely oriented 
in the cir gap cy the instrument frame. 
(They are not jig located) 


These magnetic systems represent a simple, honest means of providing 
uniform stable magnetic fields for Marion Indicating Instruments. They 
never include laminations, intricate magnetic stampings or uncertain 
mechanical assembly of the components of the magnetic system. 


marion meters 


Reg. U.S. Pat. Off 








MANUFACTURERS OF RUGGEDIZED AND Kars taco METERS AND RELATED PRODUCTS 
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metal joining, will love a parade like the one 
shown below. The push of a button starts this 
EASY-FLO brazing parade of buzzer case covers 
for the Navy, and production marches on! The 
other Navy bell and buzzer cases and covers at 
right follow the same time-labor-cost-saving 
line of march. 


— ASSEMBLY — Posts are placed in 
cover (above) with EASY-FLO wire 
rings around them. The heavier rings on 
the 3 posts touching the gasket, braze 
gasket and posts. Capillarity draws the 
extremely free-flowing EASY-FLO ail 
the way around, making a strong, leak- 
tight joint. 


Photos & dato courtesy of 
Edwards & Co , Norwalk, Conn. 


Assemblies are dipped in Handy 
Flux and placed on conveyor 
for the march through the elec- 
tric furnace and they come out 
(below) at a planned rate of 
1500 a day — joined with char- 
acteristic EASY-FLO strength 
and leak-tightness. 


BULLETIN 20 
tells how to organize 
an EASY-F‘O brazing 
production parade 

on your metal joining. 
Write for a free copy. 


HANDY & HARMAN 





General Offices: 82 Fulten &t., New York 38, M. Y. 
DISTRIBUTORS 1 PRINCIPAL CITIES 


OFFICES ond PLANTS 


SHOGEPORT CONN 
PROVIDENCE @ + 
CmrCaGo. 46 
CLEVELAND OmrO 
OFTAOHT. micH 

LOS ANGELES. Car 
TORONTO. Canada 
mOntTetal Canadas 
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modulation frequencies; the left ordi- 
nate scale gives the ratio of output to 
input voltages, and the right ordinate 
scale shows phase shift. 

Amplifier output is essentially flat 
to 40 cycles or 250 radians, so that 
throughout this range, the phase lag 
is less than 40 degrees. These charac- 
teristics lend themselves to servo appli- 
cations. It can be seen that phase lag 
is the resultant of a fixed time delay 
and the normal minimum phase char- 
acteristic. 

Circuit stability can be judged by 
the effects of variations in frequency 
line voltage, temperature and age. In 
most of the older magnetic amplifier 
circuits, variations in supply voltage 
had a marked effect on output. By 
using bridge-type circuits, it is possi- 
ble to reduce appreciably the effects 
of line voltage and frequency varia 
tions. Effect of temperature on recti- 
fier leakage and rectifier aging are re- 
duced by shunting the rectifier with 
a resistor having a lower resistance than 
the back resistance of the rectifier it- 
self. In this way, the two resistances in 
parallel are practically constant. 


Designing for 
Rubber Phenolics 


Abstracted from “Engineering Design for 
Rubber-Phenolics,” presented by A. P. 
Landall, General Electric Co., before 
Janauary 1952 meeting of the Society of 
Plastics Engineers. 
DURING THE LAST FIVE YEARS since 
the initial introduction of the rubber 
phenolic materials, there has been a 
steady growth of these materials for 
special jobs which could not be satis- 
factorily accomplished by the more 
conventional phenolics. The activity in 
this field has necessitated the develop- 
ment of new design concepts. For ex- 
ample, the fatigue impact of the rub- 
ber-phenolic appears to be 5 times 
that of its conventional counterpart. 
This relationship has been borne out 
by many practical applications. 
Perhaps the first design considera- 
tion is one of shrinkage. The general 
purpose phenolics are generally consid- 
ered to have a mold shrinkage of 0.007 
to 0.008 in. per inch. The rubber- 
phenolics should be designed for 0.009 
to 0.010 in. per inch. This indifference 
of 0.002 in. is exhibited across the 
board on all he _ rubber-phenolic 
family. It is a result of experience 
which has been gained in the field 
over the last few years. It does not 
mean that the rubber-phenolics cannot 
be used in molds previously designed 
for other materials; but rather that 
the tolerances would be broader. 
Molds already in use on other materials 
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If you need 


Custom Molded Rubber Parts 


to meet exacting tolerance specifications 
for really rough resistance requirements 


. for extreme temperature or atmospheric conditions 
. . for service with special fuels or lubricants 
. « for service with acids or gases 


ions 


made to your specificat 


THE PARKER RUBBER ENGINEER CAN HELP YOU 


If you need rubber parts, molded to your specifications, that must pro- 
vide long, trouble-free life, even under difficult operating conditions 
the PARKER Rubber Engineer would like very much to discuss your 
specific problem with you. 


PARKER—leading manufacturer of synthetic rubber O-rings—has 

had years of experience in precision molding special-purpose rubber 

parts for the automotive, electrical appliance and other industries. 

PARKER Laboratory Technicians have developed hundreds of special 
compounds to meet special requirements. 


EXCLUSIVE NEW TECHNIQUES — Now, wth newly perfected, 

low-cost, high-production processes and molding methods, 
PARKER offers even greater values in superior custom molded rubber parts. 
Why not investigate this PARKER service! Mail the coupon TODAY. 


Parker Rubber Products Division 
The PARKER Appliance Company 
17325 Euclid Avenue, Clevelund 12, Chie 
( Please send information on Custom Molded 
Rubber Ports 
CD Please have Parker Engineer call on me 


_ INDIVIDUAL ass 


| RUBBER PRODUCTS DIVISION ‘“MAnr____ 








ADDRESS__ 


THE PARKER APPLIANCE COMPANY city. 
17325 EUCLID AVENUE + CLEVELAND 12, OHIO 
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have been successfully used on rubber- 
phenolics, but have been, by and large, 
jobs where dimensional tolerances 
were not too critical. 

This brings up the question of di- 
mensional tolerance. Generally speak- 
ing, the tolerances that can be expectéd 
with the rubber-phenolics are plus or 
minus 0.001 in. greater than the con- 
ventional woodtlour filled phenolics. 

In the design of molds for rubber- 
phenolics, an allowance of 4 deg per 
side should be used tor dratt. Natur- 
ally, undercuts and deadend pockets 
should be avoided wherever possible, 
and this is particularly necessary tor 
the successful molding of the rubber- 
phenolic materials, due to the vulcaniz- 
ing system used which is necessary to 


| cure the rubber portion. The rubber- 
| phenolic materials are somewhat more 


gassey than their conventional coun- 
terparts and need, therefore, some 


| means of getting rid of the excessive 
| gas formed during the molding opera- 


| tion. It is generally recommended that 


IMPELLER TYPE 


from Oto 174 gpm 
850 to 3450 rpm 


Types available: 


PUMP 


& MANUFACTURING CO., INC 


DETROIT 3 MICHIGAN 


| would 
| phenolic materials. To minimize the 
effects: 

| Check gates 
Check 


| ble binding or cooking action. 


| cooling fixture 


| bleeders at the parting line or flash 


vents be provided, along the knock-out 
pins, particularly those which tend 
to be in sections where gas might be 
trapped. 

Ihe surface of the mold is quite im- 
portant in the successful molding of 
rubber-phenolics. It is recommended 
that a good high polish mold be used, 


| and it 1s certainly advisable to chrome 


plate. If molded-in holes are to be con- 
sidered, it is recommended that the pins 


| making these holes be polished by 


draw polishing. Avoid scratches or 
marks at right angles to the axis of the 


| pin. This is mecessary to avoid any 


possibility of binding during the ejec- 
tion of the part from the mold. Warp- 
age particularly plagues those who 
successfully mold — rubber- 


Check pressure—reduce if possible. 
relocate if indicated. 
closing speed—slow down. 
Check ejection. Relocate or enlarge 
knockouts if indicated. Look for possi- 

Eheck 
cure—increase cure if necessary. Check 
provide if mecessary. 
Remember that the rubber-phenolics 


| are a rubbery material, particularly on 
| 
| discharge and, 


therefore, handling 
must be done with care. More warp- 


| age is occasioned by careless handling 
| than by any other single reason. Very 
| frequently, all that is required to keep 
| warpage at 2 minimum is the placing 


of a proper sized weight on top of 
the molded part until it is sufficiently 
cooled to be satisfactorily handled. The 
rubber-phenolics have a very long 


| duration of flow and are — of 
i 


exceedingly long drawn applications. 


Standard » 
Pumps 
for Custom 
Applications 


"pum care 


MOUNTED MOPS : 


POSITIVE DISPLACEMENT 
TYPES 


from \/s to 60 gpm 
200 to 500 rpm 


Types available: 
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Gusta» Robert Kirchoff 
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~ Vp FEEL THE DIFFERENCE / 


Turn the knob of an OHMITE rheostat and feel the gradual, amooth- 
gliding action! You get the close, uniform control usually found in 
fine, laboratory rheostats. Special OHMITE design features are the 
reason .,, pivoted universal-joint action of the contact brush for 
nh-oting cates metl graphite brah for pees conte and 
negligible wear on a patented, tempered-steel contact 
arm for uniform contact pressure. ya a prec rcecay acs 
metal rhe stats are “tops” in electrical control. 


OHMITE MANUFACTURING CO. 
4820 2 AB Street, ee hens Minors oe 
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The use of reinforcing ribs are not as 
necessary as in the woodflour-filled 
standard phenolic materials, however, 
should they be desirable, there is no 
problem in the design or molding of 
these ribs and bosses <¥9 phenoli ( 
materials can be molded in any con 
ventional type mold. In potaee. Mi 
molding, it is advisable to stick to the 
positive or semi-positive type molds 
in order to obtain as much back pres 
sure as possible. The design of trans 
fer molds should follow conventional 
lines; however, the runner and gate 
design should be carefully located to 
insure even filling of the cavity. 


High Pressure Cylinders 


Abstract of “A New Approach to the De- 
sign of High Pressure Cylinders”. Mech- 
animal World and Engineering Record, 
London, December 1952. 
DATA FROM RECENT INVESTIGATIONS 
that provide information on the char 
acteristics of thick cylinders and a 
method of approach for predicting 
their behavior under internal pressure 
with reasonable accuracy. The dis- 
cussion is principally concerned with 
the determination of the internal pres- 
sure at which material in some part of 
the cylinder wall reaches the elastit« 
limit 

cylinder made from heat-treated 
steel may have a stress distribution 
that varies during quenching as indi- 
cated in the accompanying figure. As 
cooling progresses the stress in the 
material changes in sign; the final re- 
sult is that the stress is tensile at the 
bore and compressive at the case. Since 
such residual stresses, if present, may 
either supplement or reduce the stress 
imposed by the internal pressure, a 
method of evaluating the residual 
stresses is of interest. 

To determine the residual stresses 
for a particular design of cylinder, it 
s necessary to destroy a sample cylin- 
der, but the information gained can be 
used in evaluating the strength of 
ther cylinders of similar physical di- 
mensions, material and heat-treatment. 

The method adopted is that sug 
gested by G. Sachs (See “Residual 

TENSILE cone 





COMPRESS} 
—IVE CASE 


VARIATIONS OF STRESS in a heat- 
treated steel cylinder during quenching. 


Product Engineering — March, 1953 


selected for Quality 
and Dependability 


Products bearing these familiar 
trademarks have all established 
enviable reputations for quality and 
dependability. And to guard product 
reputations, these manufacturers 
continue to specify castings by National 


—one of the Nation's largest founders. 

















QUALITY GEARS 


TUDEBAKER 


orm SSRAETDHS co: a 


National's unparalleled experience in producing 


malleable, heat-treated malleable, and steel castings 
is at your disposal. Sales offices and engineering facilities 


are located at all five strategically located plants. 


A-0aus 


PLANTS LOCATED IN Sharon, Pa., Cleveland 6, Ohio, 
indianapolis 6, Ind., Melrose Park, Ill., and Chicago 50, Ill. 


A 16mm technicolor film. Narrated by 
Edwin C. Hill, this 27-minute film tells how 
malleable iron is made... tested... 

used . . . how its production economy, 
ductility, machinability, toughness 

will give you a better finished 

product. Available NAT) 


for group showings. pedi 
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increase the life, efficiency 
and prestige of your product! 





Our research division—pioneers 
in the development and improve- 
ment of impregnated mechanical 


oO 


leathers—offers you a new, 
tougher—wear, age and extreme Cup Packing V Packing 
temperature resistant — impreg- 
nated mechanical leather pack- 
ing, possessing remarkable 
resilience and flexibility. 

U Packing Flange Packing 


ENGINEERING AND 
CONSULTING SERVICE 


If you seal oil, water, air, vacuum, 
gas, gasoline, naphtha, alcohol or 


other fluids, ask Marsh for field Diaphragm Washer 











engineering service. 





FEATURES: Low coefficient of friction—both static and running, 
greater wear resistance, tighter sealing, better high and low tem- 
perature stability, improved lubrication potentials, donger life 


®@ Write for Engineering Handbook and technical literature 


C.W. MARSH COMPANY 


Main Office and Factory...Muskegon, Michigan 
° SALES OFFICES « 

75 E. WACKER DRIVE 101 PARK AVE.,ROOM1730 1900 EUCLID AVENUE 

CHICAGO 1, ILLINOIS NEW YORK 17, NEW YORK CLEVELAND 15, OHIO 





Engineering Abstracts. . .continued 
Stresses, Their Measurements and 
heir Effects on Structural Parts”, Sym- 
posium on the Failure of Metals by 
Fatigue; Melbourne University Press). 
The cylinder under study is fitted with 
twelve wire resistance strain gages; 
six gages positioned in the longitudinal 
direction and six gages in the hoop 
direction. All the gages are then wired 
to an insulated ring on the end of the 
cylinder. 

The cylinder is then bored away in 
successive steps of 0.050 in. on the in- 
side diameter. Hoop and longitudinal 
strains are measured after each step. 


Where 


= modulus of elasticity 

= Poisson’s ratio 

= initial cross-sectional area of tube 

= area of bore following machining cut 

= incremental change in values per 
step of machining 

longitudinal residual stress 

hoop residual stress 

longitudinal strain 

hoop strain 


Where 


R =ratio of outside diameter to inside 
diameter 
y = internal pressure at elastic limit of 
the material 
f, = yield point of material when tested 
in tension at 0.01 percent offset 
the pressure required to cause the elas- 
tic limit to be exceeded can be found 


from 
R? 2 wa R2 ; 
RP—i i* i R71 1" 


re + of — nn — f, 0 


It is stated that confirmation of these 
formulas has been made in a number 
of tests on actual cylinders with and 
without residual stresses. These tests 
showed that the method could be re- 
lied upon to within 10 percent. In one 
instance, if no allowance had been 
made for th sidual stresses, the criti- 
cal pressure calculated by the conven- 
tional Lame formula would have been 
overestimated by 77 percent. 

A test is also cited to indicate the 
beneficial results of autofrettage. The 
distribution of residual stress in an 
autofrettaged cylinder as found by the 
Sachs method was almost entirely com- 
pressive and reached a maximum of 
more than 200 percent greater than 
that obtained in a cylinder not auto- 
frettaged. In this instance, it was not 
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A LOCKNUT 
that will hold here 
will hold any place 


we 


1500 blows a minute in limestone 
ballast is tough punishment. 

Security Locknuts are used on the 
Racine Tie Tamper made by the 

Racine Hydraulic & Machinery, Inc. 

of Racine, Wis. to hold the bushing that 
carries the tamping tool. 

A locknut that will hold here, under the 
pressure of the vibration encountered in heavy 
railroad work, will hold any place. There is no 
other locknut or fastener like Security and no other 
locknut will do what a Security will do. 

Security Locknuts are self-locking in any position. 
They do not require bolt tension to keep them tight. They 
stay where you wrench them, even in the face of vibration 
that destroys the bolt. A Security Nut can be removed and 
replaced any number of times without materially loosing 


the torque or locking power and without injury to the bolt. 
This means easy maintenance for your customers’ customer. 


Installation is fast—nothing to line up—no extra parts— 
nothing to shear! 
Authoritative tests have proved conclusively the 


gripping power of Security Locknuts. We would like to have 


you see them. Made in % to 3 in. bolt sizes. Fill in the 
coupon for more details. 


North Ave. and 15th Ave., Melrose Park, lil. 


RAIL-LOC 


What is your toughest 
fastener problem? 


That is the one we want to help 
you on. Security fastener experts 
have a long range of experience 
in problems where other fasten- 
ers would not hold. 

Challenge us to make it stick! 


( gis, — 
SZ 2 


Are you Cotter conscious? 


There may be places where cot- 
ters are the only solution but 
cotters are expensive to install. 
Security Locknuts eliminate the 
adjustment of expensive castel- 
lated nuts, drilling and weaken- 
ing bolts and setting cotters. You 
install Security just like an ordi- 


nary nut. _ Vy 








Why destroy the bolt? 


Battered up bolt ends mean tough 
maintenance for your customer. 
Why peen bolt ends when you 
can lock the part in place in holf 
the time and still permit easy 
removal. 


One nut does it! 


With Security it takes only one 
nut to hold the job. Just put it on 


SECURITY LOCKNUT CORPORATION 


STUDLOC 
The Studioc pro- 
vides a positive 
lock in counter- 
bores and hous- 
ings or it can be 
keyed into work 
fe serve as a 
simple locknut. 


CAPLOC 

A cap nut that 
locks with the 
grip of the Se- 
curity Locknut. it 
combines lock- 
ing power and 
protection for 
bolt ends where 
proteciion is 
needed 


A squere lock- 
nut for switches, 
crossings, bridg- 
es. The only re- 
wsable locknut 
thet can be hot- 
dipped gelve- 
nized for corre- 
sive locations 
such as alkali, 


like an ordinary nut. The Security 
retainer holds it in ploce and the 
nut body takes the load. Ask for 
more complete details. Let us tell 
you how it's made. 


etc. Sizes %" to 
1%’. 





SECURITY LOCKNUT CORPORATION 
North Ave. and 15th Ave., Melrose Park, II! 


Please send me without obligation: 
[) One of your Thread Tolerance Charts 


C) We have a fastener problem and wovld like to know more 
about Security Locknuts. 


Company Nome 
Address__ 


THE NUT YOU CAN’T SHAK Town___ 


Signed__ 
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One week delivery on intricate electrical assemblies is 
big news these days . . . but it’s typical Riverside service! 
Take this special wiring harness for military electronic 
equipment, for example. Initial production was actually in 
our customer’s hands just 4 days after we received his 
prints! And subsequent orders indicate complete satis- 
faction, worthwhile production economies. 
You, too, can profit by using Riverside wiring harnesses on your 
electrical assemblies! They’re neat “‘packaged units” . en- 
gineered for quick, easy, accurate installation by relatively 
unskilled labor. They streamline your product . . . often improve 
its appearance . . . and they eliminate the need for specialized 
manufacturing facilities. 
So, if wiring installation is keeping your costs up and your 
age down, take advantage of our specialized experience. 
e’ve “‘harnessed” tough wiring problems for many prominent 
manufacturers . . . and we can do the same for you! Just send 
us prints or detailed product information. You'll get prompt 
engineering and production recommendations, a firm quotation 
. and dependable service! 


COMPETENT ENGINEERING SERVICES EXPERIENCED ASSEMBLY PERSONNEL © COMPLETE PRODUCTION FACILITIES 


Wwerside Manufacturing 


AND ELECTRICAL SUPPLY COMPANY 


@ PHONE Tiffany 6-6800 


WIRING HARNESSES AND ASSEMBLIES e« CORD SETS e HEATER AND EXTENSION 
CORDS e ELECTRICAL SWITCHES e RELAYS e MOLDED RUBBER PRODUCTS 


Engineering Abstracts continued 
possible to test the cylinder to de 
termine the pressure at which the 
cylinder would break down elastically, 
since this pressure was higher than 
that which could be attained with 
the equipment available. 

Although the residual stress does 
not affect the bursting pressure, since 
this stress is removed by the yielding 
that takes place after the elastic limit 
is passed, the discussion is supple 
mented by some pertinent comments 
concerning the results obtained when 
using some conventional bursting pres 
sure formulas 


Tension Testing 
At Subatmospheric 
Tem peratures 


Abstracted from “Apparatus for Tension 
Testing at Subatmospheric Temperatures” 
by E. T. Wessel and R. D. Olleman, 
14STM Bulletin, January, 1953. 
DATA FROM TESTS at low temperatures 
are necessary in solving service appli- 
cation problems, in the determination 
of transition tempcratures, and in fun 
damental the behavior of 
metals at low temperatures. Coupled 
with the need for data is the 
problem of developing apparatus with 
which these tests can be performed. 
General requirements for testing ap 
paratus: (1) The temperature range 
in which tests can be performed should 
be as broad as possiblc - (2) the equip- 
ment should be capable of reaching 
predetermined temperatures accurately, 
and it should be able to maintain these 
temperatures during testing, (3) the 
test temperatures should be reached 
and maintained with a minimum of 
manipulation, inconvenience, time ex 
penditure and cost; and (4) the test 
procedures should not introduce any 
unwanted variables in addition to those 
already standard tension 
tests 
An 


shows 


studies of! 


thesc 


pre sent in 


examination of the literature 
that existing methods and 
equipment do not meet one or more 
of these requirements. In most of 
these methods, the specimen is cooled 
by direct addition of refrigerant to 
the bath, or by passing the refrigerant 
through a coil immersed in the bath 
All applicable liquids have a limited 
useful temperature range as defined by 
their boiling and freezing points 

It is possible that the various liquid 
media now being used for low-temper 
ature testing have a considerable effect 
on mechanical properties. It has been 
shown, using hardened tool steel bend 
specimens 1.0 x 10.0 mm in cross- 
section, that strength can be effected as 
follows: 
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FORD'S 47,’ INDUSTRIAL ENGINES 


meet America’s most popular power needs! 


Ford's Overhead Valve Industrial 
Engines have been thoroughly tested 
and highly accepted for industriol 
applications in the field, and now a 
4-cylinder power plant of the same 
type is being offered. This Ford “134” 
cu. inch engine incorporates notable 


odvancements for still greater per- 
4-CYL., Oo. H.V. formance and operating economy. 

Bore: 3.4375 in. Stroke: 3.6 in. Rating 

(dyn.): 45 b.h.p. @ 2400 rpm. 


‘ wr FORD “215” 6 cyl. 
Manufacturers of powered equipment throughout the ee industrial Engine 


~ . . . 215 cu. in. displacement 
U.S.A. are constantly in search of economical power to 3, (ey ina 
speed productive activities and increase profits. 


Because of its efficient mass production methods and 

nationwide service facilities, the Ford Motor Company 

is a popular source of economical, low-cost Industrial ay + 
Power. Here on this page are the engines which Ford 

has designed and built to its famous Hi-Precision stand- 

ards especially for the needs of Industry. 


You'll find these Heavy Duty Engines at work today industrial Engine 
powering equipment in our vast oil fields, on our farms | —— 
and in factories, around logging camps, sawmills, road 

building and huge construction projects. 


If you're interested in any of the TYPICAL FORD CLOSED oese “we 4s * 

engine series shown, one of Ford’s TYPE POWER UNIT Industrial Engine lay 
Staff of Sales Engineers will be iene te nae: i= 
glad to discuss your power problem 

and perhaps help you solve it 

advantageously. 


FORD FORD “317" V-8 


. ‘ 4 ) y mere 4" Industrial Engine 
MU) OROQUE ° ’ 317 cu. in. displacement 
c : 


NVERTER 
CLIP AND MAIL THIS HANDY COUPON TODAY! 
INDUSTRIAL ENGINE DEPARTMENT 


FORD MOTOR COMPANY, 15050 Woodward Ave., Highland Park 3, Michigan 


WE ARE INTERESTED IN INDUSTRIAL PowER FoR: 





(state your application) 
Please send us latest literature on Ford Industrial Engines checked below: 
Ol“ws4a"4cyt. ([) “215"6Cyl. ([) "239" V8 C] “254” 6Cyl. 
C) “279" v-8 ( “317” v-8 (] “MULTA-TORQUE” Converter 


Finm Namek Your Name 
(Please Print 


INDUSTRIAL ENGINES 


AND POWER UNITS 


YOUR JOB IS WELL POWERED 
WHEN IT’S FORD POWERED 








Srreet Appress. 





Crry. ZONE. STATE 





‘caieientententienietintenton 
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Increase 
jor decrease 
of strength 
Liquid Medium as compared 
to tests 
in air, 


percent 


W ater 

Ethyl alcohol 

Octyl alcohol 

1.0 percent NaQH sol ition 
Petroleum 

Benzine 

Hexane 

Rust protectives 


A new apparatus, using nitrogen 
vapor as one testing medium, 1S made 
up of three essential components: the 
refrigerant and supply system ; the re- 
frigerant flow-regulating system; and 
the testing chamber 





lernperature Portable 
controller potentiometer Thermocoug 
feads 


Force bar of 
fension machine 











APPARATUS for maintaining constant 
subatmospheric testing temperatures. 


The storage and supply system con- 
sists of a standard 25-liter Dewar 
flask equipped with a special head as 
sembly. The essential parts of this 
assembly are: a pressure gage; a relict 
valve; an exhaust valve; and a }in., 
slow-opening, packless needle valve 
with an indicator wheel. The flask 
containing the refrigerant traps the 
vapor evolved, and builds up a pres 
sure on the surface of the liquid. This 
pressure is adjusted by the pressure re- 
lief valve, which maintains a constant 
supply pressure on the surface of the 
liquid nitrogen. This pressure forces 
the liquid up through the supply tube, 
with the flow regulated by the needle 
valve installed in the supply line 

The flow-regulating system consists 
of: the needle valve; a small packless 
magnetic valve; a 0-16 mv, continu- 
ously recording, self-balancing, poten- 
tiometer-type temperature controller ; 
and a control thermocouple installed 
on the specimen in the test chamber. 
Two additional thermocouples also 
check temperature distribution. When 
more refrigerant is needed in the test 
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Engineering Abstracts.........continued 


chamber, the controller opens the mag- 
netic valve, allowing the nitrogen to 
flow at a rate set by the needle valve. 

The test chamber is a double-walled, 
insulated copper can with a smaller can 
as an inner liner surrounding the test 
specimen. A commercial preparation, 
Sil-O-Cel, is used as insulation be- 
tween the two walls of the outer can, 
and the outer can is jacketed with a 
3 in. felt wrapper. The refrigerant, in 
the form of vapor, enters the test 
chamber through a coil wound around 
the head of the top grip and escapes 
into the inner liner through the perfo- 
rations in the bottom segment of the 
coil. In addition to dispensing the 
cold vapor, the coil extracts heat com- 
ing in through the top grip, and pre- 
vents conduction of heat to the speci- 
men. After escaping through the per- 
forations in the bottom coil segment, 
the cold vapor passes down over the 
specimen and lower grip and out the 
open bottom of the inner liner. This 
vapor will tend to remain in the bot- 
tom of the test chamber until forced 
up by the colder, dense vapor. The 
vapor is exhausted from the test cham- 
ber through a slightly oversized hole 
in the lid where the top grip enters. 
As the gas passes out around the top 
grip it extracts heat that would other- 
wise be conducted into the test cham- 
ber. As a result of this directed vapor 
flow, the heads of the top and bottom 
gtips, the specimen, and the inner 
liner are all kept at very nearly the 
same temperature. 
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TYPICAL TIME - TEMPERATURE 
CURVES for subzero tension tests. 


In general, this testing system is sim- 
ple and does not require highly trained 
personnel for operation. Tests can be 
conducted at any temperature in the 
range from just below room temper- 
ature to —195.6 C, with the possibil- 
ity of lowering this bottom limit to 
the temperature of liquid helium, 

268.6 C. The effect of testing media 
is minimized because the dry nitrogen 
vapor used as a cooling medium is 
about the same as air, and low-tem 
perature test results are comparabl« 
to data from tests made in air at el 
vated and room temperatures. 
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"In keeping 
standards we Wis 
for Calcinator, 
‘Sicon. 


we chose 


er rigid 
pal was found to have: 


igh resista 
. to temperatures ran 


from 400 to 500°F 


2. Exception 


gloss retention qualities. 


'Sicon' 
addition, only 
ae inherent qualities of 


adhesion 
j Sales 

W.M. Milbourne, = 
Calcinator Division 


lley Welding & 
Bay City, Michigan 


_ 


Standard Calcinator, for utility room or 
basement location, features latest a ivances 
in incinerators. Finished in SICON Tan 


Sicon 


Silicone-Base Heot-Resistant Finish 


VARNISHES - ENAMELS 


Boiler Co., 


with the high 
hed to attain 


perfection tests 


nce to heat when 


ging 


al color as well as 


had 


and film stability." 


Mer., 


Deluxe Calcinator, the 
home incinerator so smart 
looking that it can be 
placed right in the kitchen. 
Finished in SICON White. 


—— 


SICON STANDS UP WHERE OTHER 
HEAT-RESISTANT FINISHES FAIL! 


In case after case, for product after prod- 
uct, SICON has proved to be the only 
heat-resistant finish to pass all tests—in 
the laboratory and on the production line. 
Sicon, in smart decorative colors, now 
opens up a new horizon for design engi- 
neers, because only Sicon makes it pos- 
sible to combine “eye appeal” with 
retention of color and gloss in the 
presence of sustained heat. 

No matter how rigid your heat-resistant 
finish requirement, fry Sicon, the original 
silicone-base finish that has revolution- 
ized product finishing wherever high 
temperatures pose a problem 


Write for brochure 
and complete 
engineering a'etails. 


manufactured ondiesiale by 


MIDLAND 


INDUSTRIAL FINISHES CO. 


Waukegan 


* LACQUERS - 


Ilinois 
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NEWARK 


Fabricated 
WIRE CLOTH PARTS 


ys \Zell fe] °) (= —a well-equipped plant with 


highly experienced fabricators. 


“Available — mesh cloth and space cloth 


made in our own plant. 


Ml under of root 


Do you require parts made with one or more pieces of mesh cloth or 
space cloth — anything from 4 inch openings down to 325 mesh 
(105,625 holes/sq. in.)? 


Our experienced fabricating service should be of value. We are in 
position to handle volume order business and, if desired, will be glad 
to help in designing the part requiring the metallic cloth. We know how 
to insert and fasten metallic cloth to get best results. We carry many 
standard sizes of wire cloth in stock. We have ample loom facilities to 
weave special cloths if necessary. We can handle any wire of any 
malleable metal. 


This fabricated parts division of our business has grown by leaps and 
bounds. We have had many repeat orders. 
It could be due to the quality of wire cloth 
used and the care with which this cloth is 
assembled into the parts being fabricated. 


/ 
NEWARK 


fe*accuracy 
Ask for General Catalog ‘'D.” 


ewark “ire Glot 


COMPANY 


351 VERONA AVENUE * NEWARK 4, NEW JERSEY 


Philadelphia 3, Penna. San Francisco, Calif. Chicago, ti! 
1311 Widener Bidg 3100 19th St. 20 NW. Wacker Dr 


New Orleans, La Les Angeles, Calif Houston, Texas 
520 Maritime Bidg. 1400 So. Alameda St. P. 0. Box 1970 
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Solution of the 
Cubic Equation 
To The Editor. 

Since publication of my article “So 
lution of the Cubic Equation By a 
Simplified Procedure,” page 183, Sep 
tember 1952, Product Engineering, 1 
have learned that a pamphlet entitled 
“Pocket Tables for Cubics” was pub 
lished in 1933 by David Katz of Wil- 
mington, Delaware. If I had known 
of the existence of this pamphlet 
when writing my article, I would have 
mentioned it just as I did the unpub- 
lished notes by W. V. Lyon 

Although there are 
terminology, scope and arrangement of 
the data supplied for arriving at solu- 
tions, the Katz method and my method 
yield identical real roots for cubic 
equations In addition, my method 
ind tables yield the complex roots 

The pamphlet published by Mr 
Katz is a valuable contribution to the 
mathematical literature dealing with 
methods for finding the roots of cubic 

ENNIS E. JONES, 
Minneapolis, Minn. 


differences in 


equations 


Has Oil Leaks 


Around Threaded Holes 
To The Editor: 

Is it possible that your publication, 
which I receive, has a department 
which helps with special manufac- 
turers’ problems? We have one which 
may be solved in some other industry, 
but which has dogged us for a number 
of years. 

In shipping certain equipment, we 
would like to flood the interior with 
oil to prevent corrosion. However, this 
oil leaks out and we have the choice 
of plugging all openings with a good 
many expensive pipe plugs, or drain 
ing out most of the oil and trusting 
that the residue will protect the sur 
races 

We have tried to plug the openings 
with masking tape, corks, and plastic 
thimbles, but there is always leakag¢ 
through the tape or past the threads 

Do you know of some different way 
of sealing threaded holes in cast sur 
contained 
without leakage? The method should 


faces so that a fluid can be 
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From crude to crankcase— 
with an assist by 


Without oil there’d be no automobiles or 
airplanes, fewer plastics, soaps, drugs, 
floor polishes, cosmetics, insecticides. 

In one form or another, petroleum and 
petrochemicals are almost as important 
to us as the air we breathe. And in one 
way or another, Synthane plastic lami- 
nates are equally important to petroleum 
produc tion and processing 

The reason is understandable. 
Synthane is a dependable material with 
many uses 

Because it is wear-resistant and tough, 
yet easy to machine, Synthane is used 
for components of oil well cementing 
equipment. Because Synthane is strong 
and corrosion-resistant, it is excellent for 


Swithane-one of industuye unseen easertiols [SYNTH 
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pump valves, piston rings, and compressor 
plates in tank-farms and refineries. Be- 
cause it is a good insulator, Synthane in 
the form of flange insulation provides 
cathodic protection for pipe lines. Be- 
cause it is a good moisture-resisting die- 
lectric, light weight Synthane is used in 
geophysi al survey equipment and oil- 
locating instruments. Wear-and-corrosion 
resistance make Synthane desirable for 
flow-line valve-seat inserts 

Because of all these valuable proper- 
ties, plus many more, Synthane may be a 
material you can put to profitable use. 
ro find out, get the complete Synthane 
Catalog. Write to Synthane Corporation 
6 River Road, Oaks, Pennsylvania 


Synthane's combination of 
properties can often make 
@ good product better. 


Strong, light, 
durable. High 
tensile, compressive 
and flexural 
strengths 


Good insulator; 
high dielectric 
strength, low power 
factor. Low 
dielectric constant. 


“\ 
\) Resists moisture, 
ny | NY oil, solvents, 
i Cl, ond corrosive 
otmospheres. 
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SECONDARY OPERATIONS N/L / 
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Manpower... machinery... technical skill—these are the 
wastes of many companies adapting inflexible standard 
components to meet the requirements of their applications. 


Sometimes they buy standard components and struggle to 
build systems around them, thus limiting the efficiency of 
their own designs. But more often they perform one or 
more secondary operations on the component to make it 
usable. The result is not only waste but loss of the com- 
ponent’s “built-in” precision. 

When you buy Transicoil components for servo systems, 
secondary operations are nil. You get a finished product 
... built for your particular application...and ready for 
immediate installation... with all the accuracy and eff- 
ciency for which it was designed. 

Our technical catalog describes some of the precision 
Transicoil units which enable you to take full advantage 
of your servo system designs. Write for a copy today. 


TRANDIODL 


CORPORATION jo SEAN stReer 


@ @ 


Miniature Motor and Gear Motor, Generator, and 
ntrol Motors Train Assemblies Gear Train 
Combinations 


NEW YORK 13, N.Y. 


Our Readers Say . continued 


be inexpensive, suitable for shipping 

and storage only. Any help you can 
furnish will be much appreciated. 

F. H. AINSWORTH, 

The Wayne Pump Co 


Ed—Plastics have been used by a 
number of companies for plugging 
openings in castings or pipes to pre- 
vent corrosion and the entrance of 
dirt. Of course in the aircraft industry 
they have regular plastic caps and 
plugs to close up all of the pipe open- 
ings as the job progresses. 

Recently, polyethylene plugs have 
been made available. They are really 
caps that slide over a glass stopper and 
then the stopper is pushed into a glass 
bottle. Some of the whisky manufac 
turers have used such stoppers for their 
bottles. But the procedure is to take 
out the cork stopper and then put in 
the polyethylene glass stopper which 
is of a fancy appearance. 

You might possibly use a polyethy 

lene coated cork stopper. This will 
simply be a tapered cork of the con 
ventional size, but made slightly 
smaller so as to permit the polyethy- 
lene cap to slip over the cork. The 
tapered stopper would then be driven 
into the threaded openings. 
We cannot guarantee that this will seal 
the openings perfectly, but it seems 
that it would, because the polyethylene 
would dig right down to the root of 
the thread and thereby close the open- 
ing completely. 


Prefers Safe 
To Fast Automobile 


To The Editor: 


It made me very happy to read your 
editorial in the October issue of Prod 
uct Engineering regarding current de 
sign trends of automobile manufactur 
ers. I am glad to see that at least 
someone is taking a stand on this 
senseless race of manufacturers to 
put more power into their present 
fragile construction. It seems to me 
that our automobile manufacturers 
could devote their energies to pro- 
ducing a safe economical version in- 
stead of a monster for which our high 
ways are totally unprepared. 

Considering the fact that most of us 
spend most of our driving time at 
speeds considerably under our present 
capacities, why then must we have 
more power? All this extra power 
costs moncy to operate, and serves no 
good purpose. The fact that the au- 
tomobile has killed more people than 
all our wars put together should serve 
as a deterrent to these leaders. 

Could it be that these leaders have 
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Product Engineering 


Makes automotive dreams come true 


In the automotive industry, as in countless 
others, Ostuco Tubing has what it takes to 
transform drawing board dreams into practical 
realities—infinite adaptability, great strength, 
light weight, and low cost. 

Here are a few applications in passenger 
cars, trailers, buses, and trucks: Steering post 
columns, shock absorbers, bumper guards, mir- 
ror and light supports, piston pins, connecting 
rods, bearings, bushings, radiator and tank 
fittings, exhaust parts, radius rods, seat 


frames, sleeves, axles, and carrier racks. 

Leading designers and manufacturers in 
practically every field specify Ostuco Tubing, 
seamless or electric welded, because OsTUCO 
manufactures, forges and fabricates all at one 
plant . . . and because Ostuco is famous for 
consistent highest quality. 

It will pay you to consult our experienced 
engineers about Ostuco Tubing for your cur- 
rent needs or for redesigning your products to 
meet future competition. 


THE OHIO SEAMLESS TUBE COMPANY 


From Your Blueprint .. . to Your Product 


OSTUCO TUBING 


Manufacturers ond Fabricators of Seamless and Electric Welded Steel Tubing 


Plant and General Offices: SHELBY, OHIO 








SALES OFFICES: Birmingham, P. O. Box 2021 * Chicago, Civic Opera Bidg., 20 N. Wacker Dr. 
Clevelond, 1328 Citizens Bidg. * Dayton, 511 Solem Ave. * Detroit, 520 W. Eight Mile Rood, 
Ferndale * Houston, 6833 Avenue W, Central Park * Los Angeles, Suite 300-170 So. Beverly 
Drive, Beverly Hills * Moline, 617 15th St. © New York, 70 Eost 45th St. * Philadelphia, 


2004 Pockard Bidg., 


15th & Chestnut * Pittsburgh, 1206 Pinewood Drive * St. Lowis, 1230 


North Main St. * Seattle, 3104 Smith Tower * Syracuse, 2350 Bellevue Ave. * Tulsa, 245 Ken- 
nedy Bidg. * Wichita, 622 E. Third St. * Canadian Representative: Railway & Power Corp., Lid, 
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Micro Bearings Measure Up 
. » - in this Cageable Vertical Gyro 


This Minneapolis-Honeywell instrument for the stabilization and 
control systems of aircraft, guided missiles and radar scanners, 
provides pitch and roll signals as a vertical reference. 

Used in the precise caging mechanism which locks the gyro 
spindle in a predetermined attitude, Micro Ball Bearings measure 
up to every requirement for savings in friction, weight and space. 
Low friction is of particular significance, since the mechanism 
operates on only 12 watts (6 watts standby). The high dura- 
bility of Micro bearings also assures long trouble-free operation, 
minimizing the problem of combat area servicing. 

In any design that calls for economies in friction, space and 
weight, you can count on Micro Ball Bearings. They are fully 
processed to a true micro-finish for smooth, quiet operation and 
maximum wearing qualities. 


wsrnwext BALL BEARINGS 


NEW HAMPSHIRE BALL BEARINGS, INC. 3 Main Street, Peterborough, N. H. 


CHECK THESE MICRO ADVANTAGES 
©@ Availability 
Smoll-quantity orders for items in 
stock or 


Types 
Avoilable in !35 sizes and types down 
to .04” bore, Ye” 0.0. Materials include 
chrome, stainless steel and beryllium 
copper. Special items and materials 
considered. 


_ Engineering Assistance 
staft of design engineers available 
help customers at any time. 


Our Readers Say continued 


observed an increase in our popula 
tion and have decided to do something 
about it? Personally, I would prefer 
it to be their children and not mine 
when such a decision has been made 
by them. 

These super-power cars would be far 
more practical if confined to such pur 
poses as police cars and racing cars 
instead of placing such a formidable 
weapon within the rea h of everyone 

E. R. RAWSON 


What Are 
“Mere Working Expenses?” 


To The Editor: 


As a subscriber of Product Enginee 
ng, I would greatly appreciate your 
advice on the following question: 

On taking up the production of a 
new article one generally takes into 
consideration that the estimated price 
should be no more than 4 or } of the 
sales price if the product is to be com- 
petitive. This 4 or } respectively are 
the results of the costs of material, 
wages, and the mere working expenses. 
As the ‘mere working expenses” (or 
whatever the correct English term 
may be) may cover various costs which 
should better not be booked under 
this item, it would be of great interest 
to me to learn from you what exactly 
is to be understood as ‘mere working 
expenses” according to the habits of 
calculation in the U. S. industry. 

ROBERT VOGEL, 
Hamburg, Germany 


Ed—The question you proposed, 
namely, what in the United States is 
considered as “Mere Working Ex- 
penses” is a very difficult one to an- 
swer. 

First of all, we can’t agree with your 
assumption that the manufacturing 
price of the products should be no 
more than 4 or } of the sales price 
That depends entirely on the nature 
of the product. If it is an item such 
as a household appliance, which is 
in mass production, it is doubtful 
whether the manufacturer can count 
on the manufacturing cost being much 
less than 85 to 90 percent of Avs sales 
cost. Naturally, that does not take 
into consideration such factors as 
transportation nor distribution cost 

At any rate, the factor varies quite 
widely here in this country, and we 
are not sure exactly what you mean by 
the term “Mere Working Expenses.” 
We would imagine that what you hav« 
in mind is the overhead, including sal 
aries, advertising costs, sales promo 
tion costs, materials handling costs, 
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Whenever circuits call for precision 
and high resolution in compact space... 


10-Turn Helipot Highlights 


From the basic Helipot principle, model variations 
have been developed to meet new requirements: 


Model A Helipot 





There’s a 10-turn Helipot 


to meet your requirements 


With the development of the original HELIPOT— 
the first multi-turn potentiometer—an entirely new principle of 
potentiometer design was introduced to the electronic industry. 
It made possible variable resistors combining high resolution and 
high precision in panel space no greater than that required for 
conventional single-turn potentiometers. 


The Helipot High resolution and precision settings require a long slide 
Princi l wire. But by coiling a resistance element into a helix, it 

pie.. is possible to gain desired resolution and precision without 
wasting panel space. This principle is applied in various Helipot models 
with slide wires ranging from 3 to 40 helical turns. 


Advantages are immediately apparent. In the case of the widely-used 
10-turn Modei A Helipot, for example, a 45” long slide wire—coiled 
into ten helical turns—is fitted into a case 154” in diameter, and 2” in 
length. Another advantage of the 10-turn pot is that, when equipped with 
a turns-indicating RA Precision DuopiaL, slider position can be read 
directly as a decimal, or percentage, of total coil length traversed. 


A AN Aj 
of turns 10 10 10 


Resistance Range 10 ohms to 100 ohms to 100 ohms to 
300,000 ohms 250,000 ohms 50,000 ohms 
esistance Tolerance: 
Standard + 5% + +5% 
Best +1% + 3% 
*Linearity Tolerance: 
Standard +0.5% +0.5% 
Best +0.05% + 0.025% + 0.1% 
(1K ohms (5K ohms above 5K ohms) 
and above) and above) 
Power rating @ 40°C 5 watts 5 watts 2 watts 
Mechanical Rotation 3600° +-4° 3600° +-1° 3600° +- 12° 
a 0° 0° 


Electrical Rotation 3600° +-4° 3600° + 1° 3600° +- 12° 
0° 0° 
Starting Torque 2 o7. in 1.0+.3 oz. in 75 o7. in 
Running Torque 1.5 oz. in 0.6+.3 o7. in 60 oz. in 
t Weight 4 07 407 1 oz 


*i.e. INDEPENDENT LINEARITY. The above linearity tolerances are based on the fol- 

lowing definition recently proposed to clarify and standardize nomenclature related to 

precision variable resistors. . . . “Independent linearity is the maximum deviation in per- 

cent of the total electrical output of the actual electrical output at any point from the 
best straight line drawn 
through the output 
versus rotation curve. 
(This line shall be 
measured through the 
extent of the effective 
electrical angle.) The 
slope and position of 
the straight line from 
which the linearity de- 
viations are measured 
must be so adjusted as 
to minimize these de- 
viations.” 


> NEAEITY TOWeRaneE 
- 
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the original 10-turn Helipot— 
provides a resolution from 12 to 
14 times that of conventional 
single-turn potentiometers of 
same diameter (13%4"), lineari- 
ties as close as +0.05% in re- 
sistances as low as 1K ohms. 


The same multi-turn principle is also available in 3 turn units 
(Model C), and larger-diameter units of 15 turns (Model B), 
25 turns (Model D), and 40 turns (Model E)—a type for every 
application from 5 ohms to 1 megohm, 


RUS 


Model AN Helipot 


an ultra-precision version of the 

basic 10-turn Helipot. Produced 

in volume to extremely close 

electrical and mechanical toler- 

ances, this unit features preci- 

sion ball bearings (Class 5), 

servo mounting lid, plus linear- 

ity tolerance as close as +0.025% 

as low as SK. A 3-turn unit 

(Model CN) is also available. 

Models AN and CN are particularly recommended for precise 
servo-mechanism applications and represent the most ad- 


vanced design and highest quality available today in the field 
of precision potentiometers 
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Model AJ Helipot 


a 10-turn miniature Helipot only 
%4” in diameter, weighs 1 oz., has 
slide wire 18” long. Also avail- 
able with servo mounting (Model 
AJS) and servo mounting with 
ball bearings (Model AJSP). 
Linearities as close as + 0.1% 
as low as SK 


Designed for long life under severe operating conditions, the 
AJ Series is widely used where small size and weight are vital. 
TREAD § —SONEF-2 
i 


r 
+ 1, ~ 3 
om 


a+ a » e 


Design details on above units are 
Certified drawings available upon request 


Qnly_Helipet is able to supply—in volume—multi-turn helical 
potentiometers with special features to meet your particular 
needs .. . Special Shafts, Extra Spot Welded Taps at any posi- 
tion, Ganged Assemblies (except AJ), Special Temperature Co- 
efficients, etc. Send us your requirements! 


For complete details contact 
your nearby Helipot represent- 


° ative. Or write direct. 
vas MD conseaatien 


A subsidiary of Beckoaan Instruments, Inc 
SOUTH PASADENA 21, CALIFORNIA 
Field Offices: Boston, New York, Philadelphia, Rochester, Schenectady, Cleveland, oa. Chicage, St. Louls, 
: J. S& Rest, 


Los Angeles, Seattle, Dallas, High Point, N. C. and Fort Myers, Florida. in Canad 
Export Agents: Frathom Co., New York 36, New York. 
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AT ITS FINEST! 


ERE “under one roof” at FAIRFIELD is everything 
needed for producing fine gears — metallurgical 
department, batteries of the most modern machines, 
testing laboratories, complete heat-treating facilities — 
all operated by skilled craftsmen working under expert 
engineering supervision. By specializing exclusively 
in “FINE GEARS MADE TO ORDER” for more than 
thirty years, FAIRFIELD has become one of America’s 
largest producers of these parts. This is why many 
makers of construction machinery... agricultural 
implements... machine tools... military equipment... 
tractors, trucks, and buses now regularly depend on 
FAIRFIELD to meet their requirements. For the Best 
in Gears, Specify Fairfield! FAIRFIELD MANUFAC- 


TURING CO., 2305 So. Concord Road, Lafayette, Ind. 








Our Readers Say continued 


and machine and plant amortization 
Most companies in this country also 
reserve for research and development 
a P recent oft nct mcome ranging 
anywhere from 1 to 5 percent for 
any given year 

It is rather difficult to answer your 
questions without writing at least two 
or three chapters of book length; 
however, perhaps some tearshects of 
past articles in Product Engineerin 
which we are forwarding to you, will 
give you an idea of current practices 


Knows Reason For 
Engineer Shortage 
To The Editor 

Regarding an article in Product En 
gineering, January 1953, page 197, 
titled, ‘Stretching the Supply of En- 
gineers,” there seems to be a general, 
national trend to ignore the rea/ reason 
for the so-called “Shortage of engi 
neers.”" That real reason, as you un 
doubtedly know, but also ignore, evi 
dently is low pay. There are no pay 
incentives at all, although most hourly 
paid employees get bonuses, and a lot 
of them, such as draftsmen, machin- 
ists, and others that engineers direct, 
even get more pay than the engineers! 

No wonder there is a shortage, and 
it will be worse, much worse, unless 
the above situation is speedily cor- 
rected DEAN L. BRANDS 


Square Root Extraction 
To the Editor: 


Here is a method for extracting 
square roots on an automatic calcu 
lator. Although it is not as rapid as 
Friden’s square root machine, I be 
lieve it does have merit. Having shown 
it to a number of people, I am not 
certain whether their surprise at the 
simplicity of the method, or my sur- 
prise that it was new to everyone was 
the greater 

(1) Point off the number in blocks 
of two, starting at the decimal point 
Then forget the decimal until time to 
point off the answer. 

(2) Estimate the square root of the 
first block, or the first two, and di- 
vide the original number by this esti 
mate. 

(3) Average the trial divisor and 
quotient for a second trial and repeat 
until the desired degree of accuracy is 
attained. 

Here is how it works for an in- 
teger and a decimal 

a) Example No. 1 267.09 

b) Point off 2’67.09 
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A Customer Reports: 


**We use Continuous-Cast Bronze 


because of its Uniform Quality”’ 


MANNING. MAXWELL & MOORE, INC... (Shaw-Box Crane 
and Hoist Division) Muskegon. Michigan. manufacturers of 
cranes. hoists and specialties. says also that ASARCO bronze lends 
itself admirably to production on automatic screw machines 


ASARCO Continuous-Cast Bronze is used for the gear center 
of the brake gear in this company’s “Budgit” portable electric 
hoist because its high physical properties far exceed those of 
ordinary foundry or mill products. Stock is consistently uniform 


in size and quality. Porosity is non-existent 


Since the patented ASARCO continuous casting process ex- 
cludes sand, dirt. dross and other impurities, there are no inclu- 
sions in ASARCO bronzes to injure tools or reduce high cutting 
speeds. Rejects are virtually unknown . . . machining on auto- 
matics is standard practice. 


All stock for machining is Medart-straightened and furnished 
within a general tolerance of +0.004” to —0.006” on outside 
diameters. Tube concentricities are within 1.5°¢ of wall thickness. 


Continuous-Cast Bronzes are made to order in a wide variety 
of alloys ...in standard lengths of 12’ lengths 5’ to 12° on re- 
quest... lengths 12’ to 20’ by special arrangement 


216 sizes and shapes of standard Asarcon 773 bearing bronze 
(SAE 660) are stocked in 105” lengths for convenience at ware- 
houses in principal cities across the country. Distributors will cut 


this stock long or short to suit your needs. 


West Coast Sales Agent 
KINGWELL BROS. LTD., 457 Minna Street, San Francisco, Calif. 


American Smelting and Refining Company 


OFFICES: Perth Amboy Plant, Barber, New Jersey 
Whiting, Indiana 
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they're our specialties 
and we give them 


Ductile Gibsiloys | 
- ” we” i 


—_—_— 


Graphite Gibsiloys | 


a 


es rs - R 
Refractory Gibsiloys 


-. 


If your design requirements call 
for electrical contacts having ex- 
acting, unusual properties, you'll 
find it to your advantage to CON- 
TACT GIBSON FIRST, 

Electrical contacts are tailored 
by Gibson Electric Company to 
fit customers’ specific contact 
needs — requiring the right com- 
bination ot high electrical and 
thermal conductivity, low con- 
tact resistance, long life, and 
resistance to arc erosion and to 
sticking. 

Because Gibsiloys are made 
from metal powders, they offer 
combinations of physical and 
electrical properties not possible 
with alloys or unalloyed contact 
metals. 

Achieving property combina- 
tions in Ductile, Graphite or 
Refractory Gibsiloys to fit special 
jobs is a specialty with Gibson. 
Moreover, every order, large or 
small, receives our individualized 
supervision — painstaking atten- 
tion to every processing detail. 


Write for 


 €520 0° 


Let us work with you to help solve your 
contact problem. 


CONTACT GIBSON FIRST 


* +. 
i! bsile u 
ELECTRICAL CONTACTS i 


y aa 
Manusacku hea by 


Gigson Erectric COMPANY 


8358 Frankstown Ave. 
Pittsburgh 21, Pa. 





Our Readers Say continued 
c) Estimated root* 
d) Forgetting th 

decimal 16 
e) First trial di 

visor 16 

First quotient 16693 
Average 
and (f) 
Second quo- 
tient 


(¢) 
1634 


163458 
Average (2) 


and (h) 
Third quotient 


163429 
1634288 


D« sired square 

root 16.343 

* 16 256, 17’ 289 
Second example 0.00074952 
Point off .00’07’49’52 
Estimated roott 027 
Ignoring the 

decimal 27 

First trial divisor 27 

First quotient 27760 


Average (e) 
and (f) 


Second quotient 


Average (h) 
and (1) 
Third quotient 


De sire d square 


root 


2° 


0.0273 
30° 900 
HENRY C. GRAY 
Falk Corpe ration 


625, 


ERRATA 


December 1952, pagc New Lou 
Cost Proce Turns Titaninm-Oxide 
Into Titanium. Middle of third col- 
umn—"'the metal has a purity of 0.992 
to 0.995 percent.’ Should read “99.2 
to 99.5 percent 


196, 


+ 


December 1952, page 217, Using Tay- 
lor’s Series to Solve Spiral Gear Prob- 
lems. Top of second column—in the 
second equation for f (x), the factor 
h in the last term should be squared 


January 1953, page 199, 50,000 Ton 
Closed Die. In describing the Air 
Force’s heavy press program, we neg 
lected to mention Leewy Construction 
Co., Inc. as the manufacturers of the 
new hydraulic press. Producing large 
forgings and extrusions from various 
metals, the press requires a founda 
tion having a depth of 100 ft., with 


OIL“ FREE 


SELF-LUBRICATING 


. 
% 
- 


S 
Yepe gir* 


Widely Used Where Ordinary 
Oil Lubrication Is 
Impractical or Impossible. 


EXCELLENT DURABILITY © CONSTANT 
CO-EFFICIENT OF FRICTION © APPLICABLE 
OVER A WIDE TEMPERATURE RANGE 
souiries on cansonizes @ OPERATE DRY, OR AT 
HIGH SPEEDS SUBMERGED IN WATER, 
GASOLINE AND OTHER LIQUIDS © EXCEI- 
LENT FOR CURRENT-CARRYING BEARINGS 


GRAPHALLOY moterials are also in wide use for oil- 
free, self-lubricating piston rings, seal rings, thrust 


washers, friction discs, pump vanes etc. 


‘OTHER GRAPHALLOY 
PRODUCTS 


For applications requiring low 
electrical noise, low and con- 
stant contact drop, high current 
density and minimum wear. 
Used for SELSYNS, DYNA- 
MOTORS, SYNCHROS, ROTA- 
TING STRAIN GAGE pick-ups 
and many other applications. 
Brush Holders and Coin Silver 
Slip Rings also available. 


BRUSHES 
ene 
A 


CONTACTS 


GRAPHITE) METALLIZING CORPORATION 


1012 NEPPERHAN AVENUE * YONKERS, NEW YORK 


|_] Please send dota on Grapholloy Oil-Free BUSHINGS 


[7] Send data on BRUSHES and CONTACTS 


| 
} 
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V-PACKINGS 


Made of leather or rubber. A 
complete mechanical seal, in- . 
stalled in sets in a recess on 
cylinder wall or piston head. Seal 
ing areas or “stack height” form 
dynamic seal inside and outside. 
Male and female adapter rings 
required, metal preferred. No ex- 
penders are needed but spring 
tension is sometimes employed. 
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G&K- INTERNATIONAL 


Headquarters for Original Equipment 
and Replacement Packings 


More and more well-known indus- 
trial concerns are coming to G&K- 
INTERNATIONAL for all their 
packings needs: Original Equipment 
and Replacement. 

Why? Because at G&K-INTER- 
NATIONAL there is no compromise 
with quality. These customers (and 
you, too) demand packings that live 
up to the specs and arrive on 
schedule. It’s as simple as that — 
but it’s not that simple. 

There are four parts to every 
packings problem: 1. The packings 
design and dimensions. 2. The mate- 
rial — leather and its impregnants, 
or basic rubbers and their formula- 
tion. 3. Developing these to meet 
exacting requirements in modern 


GRATON & KNIGHT COMPANY 
Established 1851 


Worcester 4, Massachusetts 


hydraulic and pneumatic applica- 
tions. 4. Manufacturing these pack- 
ings uniformly — and on schedule. 

The way we handle this 4-fold job 
at G&K-INTERNATIONAL pleases 
hard-to-please customers and attracts 
new ones. Come to Headquarters for 
leather or rubber packings — for 
standard types to JIC Standards, or 
for specials which we can develop 
together. 


ANEW PACKINGS 

CATALOG 

More than a catalog—ae 
complete reference manual! 
Covers leather and synthetic 
rubbers. Shows all types of 
packings with size data, and 
how best applied. You need 
@ copy in your files. A letter 
will bring one promptly 


Gg hep! NTERNATIONAL 


A 
ws - P.2 


INTERNATIONAL PACKINGS CORPORATION 


Graton & Knight Company Affiliate 
Bristol, New Hampshire 
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Industrial Handbook of 
Photographic Methods 


74x 9 im, published by the Eastman 
Kodak Company, 343 State St., Roch 

ter 4, N. Y. $0.50 per section. 
Product of the 
Blue M Electric Co. 
Chicago, Illinois 


This is a collection of technical in 





BLUE 'M LINE 


PRAO02DOD Of 


= | 
) wd 


OVENS 


The Con-Wate, 
manufactured by the Blue M Electric Company is a 
mechanical convection oven which automatically prevents 
air anemia by providing constant air weight circulation 
at temperatures up to 550°F. The constant efficiency of 
the Con-Wate minimizes test chamber temperature strati- 
fication permitting greater specimen test uniformity and 
longer life of the heater elements. The damper which 
controls the air flow to the test chamber is actuated by 
Chace Thermostatic Bimetal. 

The Con-Wate damper assembly consists of a curved 
bimetal element attached to a shaft which passes through 
the oven wall. Normally, the bimetal element is curved 
when the oven is not operating; when the oven is turned 
on, the bimetal damper automatically opens as the tem- 
perature rises, thus allowing the blower to deliver more 
C.F.M. A damper adjustment lever fixed to a friction plate 
permits the operator to adjust the potential air flow to 
any desired reduced volume necessary for testing light 
materials in the oven chamber. 

If the actuating element for your new control device 
is thermostatic bimetal, Chace is equipped and qualified 
to fabricate it, ready for assembly. Our 29 types of 
thermostatic bimetal are available in strips, coils, random 
long lengths and welded or brazed sub-assemblies. Con- 
sult our application engineers—recognized authorities on 
‘emperature responsive devices—or write for a copy of our 
32-page booklet, “Successful Applications of Chace Thermo- 
static Bimetal,” containing condensed engineering data. 


W.M. CHACE CO. 
Theuno STalic BimeTal 


1¢07 SEARD AVE. DETROIT 9 MICH 


CON-WATE 


formation on the materials, processes 
and techniques associated with indus- 
trial photography. It is made up of 
four separate sections assembled in O 
ring-binder form for easy expanding 
with additional data that is now avail- 
able as well as that which will become 
available in the future. 

These sections which discuss appli- 
cation of photography of general in- 
dustrial interest are: 

(1) How to Use Reproduction Ma- 

terials 

(2) Microfilming with Kodograph 

Micro-Film Equipment and 
Materials 

(3) Photography Through the Mi- 

croscope 

(4) Making Service Pictures for In- 

dustry. 

Other publications on industrial 
photography that are currently avail- 
able from the Eastman Kodak Com- 
pany are listed on the introductory 


pages. 


Servomechanism Analysis 


GeorGE J. THALER, Asst. Prof. of 
Electrical Engineering, U. S. Naval 
Postgraduate School and RoBert G 
BROWN, Senior Project Engr., A. C 
Spark Plug Div., General Motors 
Corp., 6x9 in., 414 pp., Published by 
the McGraw-Hill Book Co., 330 West 
j2 St.. New York 36, N. Y., $7.50. 


Beginning with a discussion of the 
background of automatic controls, the 
authors present the essentials of the 
mathematical theory of servomecha- 
nisms. They stress the elements of 
analysis as being a mecessary pre- 
requisite to design 

The Laplace transformation, which 
is discussed in detail, is used ex- 
clusively as a mathematical tool since 
it is suitable both for the solution of 
the differential equations involved and 
for the construction of transfer func- 
tions. ‘The transfer function of a 
system can be arrived at very simply 
from the Laplace transform of the 
differential equation by assuming the 
system to be initially at rest and thus 
providing that all initial conditions 
are zero. Doing this, eliminates inter- 
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D EQUIPMENT PARTS 


When the public was still eyeing synthetic silk 

skeptically, KOVEN Individualized Equipment 

Parts had already passed the test of daily per- 

formance. Built to fit the exact needs of manu- 

facturers, they have been on the job now for over 
70 years. We would be pleased 
to show you how we combine our 
newest techniques and most 
modern facilities so that we can 
usually produce parts more 
economically and efficiently than 
those made at your own plant. 
Call or write for a consultation— 
no obligation. 


Our complete modern facilities 
include: Machine, welding, plate 
and sheet metal, galvanizing 
and painting shops. X-ray equip- 
ment insures quality control in 
every KOVEN Individualized 
Equipment Part. 


L. O. KOVEN & BRO., IN 


KOVEN FOR INDIVIDUALIZED EQUIPMENT SINCE 1881 
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EAD ALTERNATORS 


For “POSITIVE’’ 
Performance - 


“NEGATIVE” 
Distortion 


N3E-2 


Low harmonic 
content, dual 
frequency 
alternator 
with less than 
3% total 
distortion 

on each 
frequency 


EAD offers you the 

answer to your 

small permanent 

magnet alternator 

requirements; units 

designed for special 

applications where N2B-2 

Size, Weight and 

Efficiency are top Two phase, 30 cycle alternator 

considerations. with less than 2% total distortion 
on each phase 


There’s an EAD Alternator 
for Your Every Application 


FREQUENCY SPEED 
TYPE output v 
OLTS PHASES “‘cyCLES) (RPM) 





N2A 45 Volt Amps 115 400 6000 
*N2B-1 7 30 1800 
**N2B-2 7 30 1800 
N3C-1 . 1000 20,000 
tN3E-2 : 90/150 1800 
N5B 8 wotts 1000 5000 
N6A 20 watts 1000 5000 
N6B 60 wotts 30 400 8000 





*Less thon 2% Total Distortion **Less than 2% Total Distortion on each phase 


{Duval frequency alternator less than 3% 
Total Distortion on each frequency. 


Solving special problems is routine at EAD 


If your problem involves rotating electrical equipment, 
bring it to EA D. Our completely staffed organization 
will modify one of our standard units or design and 
produce a special unit to meet your most exacting 
requirements. 








EASTERN AIR DEVICES, INC. 


585 DEAN STREET, BROOKLYN 17, NEW YORK 
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mediate labor if both transfer-function 
data and differential-equation data are 
desired 

It should not be assumed that the 
transfer-function method is in itself 


sufficient for servomechanism analysis 
| and design. Several important char- 


acteristics of servomechanism _ per- 
formance, such as the response time 


| and the maximum deviation of the 


output, cannot be calculated with great 
accuracy except from the differential 
equation, though they may be esti- 
mated fairly well from the transfer- 
function data. Thus, for complete 
quantitative information on a servo- 
mechanism both the differential-equa- 
tion solution and the transfer-function 
solution are desirable: the transfer 
function for ease in calculation and 
design, the differential equation for 
exact performance data on_ several 
important characteristics of the system 
The transfer-function approach is 
normally the best starting point, since 
it permits rapid calculation of most 
of the desired information within 
reasonably close limits. The differen- 
tial-equation solution would be at- 
tempted only if the specifications of 
the system required the information 
or if the desired performance could 
not be checked closely enough from 
the transfer-function data. 

To facilitate setting up the differen 
tial equations for various systems, the 
authors devote considerable space to 
the use of electrical analogies of 
mechanical, thermal, hydraulic and 
pneumatic systems as well as electro- 
mechanical machinery. Following this, 
the differential equations of some basic 
servomechanism systems are derived, 
solved and the solutions analyzed. Only 
simpler cases are considered, since they 
illustrate the fundamental principles 
involved without introducing mathe- 
matical complications or other factors 
which would detract from the points 
being stressed. However, most of the 
important variations are treated in 
adequate detail 

Two special features of the text 
exemplify recent developments in 
servo theory. One of these is a dis- 
cussion of Relay Servomechanisms 
These differ from continuous-control 
servos in the nature of the unit which 
applies the power (source) to the out- 
put -member. Block diagrams for the 
two may be identical since many of 
the same components are used in either 
type of system. However, relay servos 
commonly have electromagnetic relays 
which apply full power to the output 
whenever the error exceeds some given 
magnitude and maintain full applied 
power until the error is reduced. 

The other outstanding feature is the 
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"Reader, if thou seekest his monument. look arounf-F INSCRIPTION ON SIR CHRISTOPHER WREN S TOMB IN ST. PAUL S CATHEDRAL 


¥ 


4 


apt 


oo 


¥ t From the ashes of the Great Fire in 1666 emerged 
Sir Christopher Wren’s masterpiece—St. Paul’s Cathedral— 
with its soaring central dome “rising from the mists of London, 
like an Alpine peak”. * In designing the dome, Wren 
solved with amazing simplicity one of the most difficult 
structural problems in architecture-—-how to support 
a great central dome without using excessively heavy 
and constricting crossing piers. * This same simplicity, 
combined with unusual structural engineering knowledge, 
enabled Wren to produce diverse effects in his many 


buildings without expensive elaboration. 


Whether hidden from sight doing a functional job, ~ 
or exposed to view just looking pretty, 
Van Huffel metal shapes and tubing simplify 
a lot of today’s building problems. 
* Architects, designers and engineers know 
they can incorporate in their designs strength without 
excessive weight . . . economy without sacrificing quality 
. and simplicity without complicated assembly. 
That’s why they are continua!ly thinking up new uses. 
That, too, is why they keep coming to Van Huffel 


—where ideas take shape—in metal. 


Oe, antlufte 


WELDED . LOCK SEAM . OPEN SEAM - BUTTED TUBING TUBE CORPORATION » WARREN, ONTO 


+ METAL SHAPES - MOULDINGS 
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ee Eile EE TY LOTS 


Root Locus Method which is a con 


venient means ol computing the 
transient response from the transfer 
AGITAT OR DESIGN function equations This discussion 


stresses the promise offered for future 
developments in the analyses and de 
sign of dynamic systems through the 
concept of the pole and zero configura 
trons 

The appendixes contain a quantity 
of factual information on the theory, 
construction and application of serve 
components which have not previously 
been collected into one book 





Electronic Analog Computers 


GRANINO A. Korn, Staff Engineer, 
Lockheed Aircraft Corp. and THERESA 
M. Korn. 6 x 9 in. 378 pp. Pub- 
lished by the McGraw-Hill Book Co.., 
330 W. 42nd St.. New York 36, 
= & i 


D-c analog computers are relatively 
simple clectronic devices now com- 
monly used to solve a variety of prob- 
lems in applied mathematics. Their 
application to the design of modern 
automatic control systems has been 
particularly interesting and successful 
The authors have presented their work 
to satisfy the growing need for a book 
on this new subject. The techniques 

; they describe have become well estab- 

with ACE® HARD RUBBER = | - lished during the last five years. Al- 
3 : | though interest in this field is growing, 

many engineers lack access to re- 
liable sources of technical information 


...another example of good 





By rapidly removing spent plating solution from the 
surface being plated and continuously replacing inet tame ee in tn ie 
it with live, up-to-formula solution, this impressive details of computer design lack experi 
“Speed-O-Plate” Agitator makes possible amazing speed a. ence in intelligently applying the new 
in lead coating aircraft bearings. Alsop Engineering < techniques to their problems. There 
Corporation licked the corrosion problem by making a ire, in particular, the questions of how 


this model “Speed-O-Plate” entirely of Ace hard rubber. to set up problems on a computing ma 


chine and how to administer a com 
Blocks, cylindrical sections, bolts and nuts are all puter installation. 


machined from Ace sheet, pipe or rod. Agitators and : B No mathemaitcs beyond that taught 
spray heads are molded. Steel shafts are covered View of plating in an elementary course on differential 
with tubing. Even the motor couplings use station. Six bear- equations is required. The large 


hard rubber — for electrical insulation. ings are positioned amount of material which had to be 


in hard a. covered made it impossible to add a 
In your work, too, you'll often find the properties Noms” mounts chapter on elementary electronics; the 


: : on plating head. ’ : 
you're looking for in one of the many Ace hard rubber _ reader is, instead, referred to good 
and plastic compounds. These properties — clementary texts on this subject 
together with page after page of design hints for : Chapter 1 is an introduction to d-c 
mechanical, electrical and chemical parts — are , eee ate Apo ope ne will find 
covered in the new Ace Handbook. Keep it always under the following technical chapters more 


; useful if he is first given an opportu- 
i , write today. “sil, 
your thumb. If you haven't a copy y nity to see the picture as a whole. Ac- 


cordingly, this briefly treats the appli- 

’ cations of computing devices, the 

° mathematical relations involved, and 

ACE rubber and plastic products the techniques used, with the object of 

. gaining an over-all view of the subject. 

Chaptér 2 attempts to teach a sim- 

Ses ay AMERICAN HARD RUBBER COMPANY ple, abel eaiatane for setting up 
oo 93 WORTH STREET - NEW YORK 13, N. Y. 


a d-c analog computer to solve a given 





Product Engineering — March, 1953 





The 


is now available 
with your choice 
of built-in valve 
arrangements 


N DESIGNING for pneumatic operation of equipment, 
I the air engineer can now choose the method of valv- 
ing he prefers — and still have all the advantages of 
integral valve and cylinder construction. 


The Bellows Air Motor — the only air cylinder with 
an integral valve—proven in over 150,000 installations 
—is now available with a range of built-in valve 
controls that offers the engineer every latitude in 
pneumatic design. 


If he prefers to use momentary contact low voltage 
control, standard or explosion-proof, Bellows has it. If 
he prefers 110 volt maintained contact for interlock 
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The Built-in 
4 Maintained Pressure 
Air Operated Valve 


| 
| 
* -- 


ao 
The Built-in I . om 
110-Volt 
Maintained Contect Valve > | | 


| 


— ae 
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The Bellows Air Motor 
with the Built-in 
Electroaire 
low Voltage 
Momentory Contact Valve 


Fa 


4 . 


The Built-in 


Manually ~ 


ary 


Controlled p> 
Valve 


The Built-in 
Momentary Exhaust 
Air Operated Valve 


with established electrical circuits, Bellows has it. If 
he prefers to control his pneumatic circuits manually, 
Bellows has it. Or should his designs call for full pneu- 
matically controlled operations, Bellows offers a choice 
of two control systems. 


Basic to all valving arrangements is the time-proven 
Bellows four-way directional slide valve with its inte- 
gral controls for regulation of piston rod speed. Basic, 
too, is the single air connection which may be flexible 
hose, and which does away with multiple piping. 
It is in the methods used to shift the directional slide 
valve that this new flexibility in air control becomes 
so apparent. 


All Bellows Air Motors, with any integral valve 
control, are available in five bore sizes: 144”, 154”, 
212”, 35%” and 41” and in stroke lengths up to 48”. 
A wide range of mounting styles further adds to the 
flexibility of this compact, self-contained power unit. 


The Bellows Co. 


AKRON 9, OHIO 
Bellows “Controlled-Air-Power” for Faster, Safer, Better Production 


























"DIAMOND H’ RELAYS 


® 
pack more 
performance 


into less space 


Rating for rating, “Diamond H” Series R hermetically sealed, 
miniature aircraft type 4PDT relays are smallest (1.6 cubic 
inches ), lightest (3.76 ounces), have widest temperature range 
(—65° to +200°C.), greatest operating shock resistance (to 
50 “G” and higher) and excel all others in their field in ability 
to break high currents and high voltages. . 


Ideal for high frequency switching, their inter-electrode capa- 
citance is less than 5 micro-microfarads contacts to case, less 
than 242 mmt between contacts, even with plug-in type relay 
and socket. Vibration range is from 0 to 500 cycles per second 
and upward at 15 “G” without chatter. Coil resistances up to 
50,000 ohms are available, with contact loading through 10 A. 
resistive for 100,000 cycles (30 A. resistive for 100 cycles) at 
30 V., D.C., or 115 V., A.C. Sensrriviry approaches 100 milli- 
watts at 30 “G” operational shock resistance. They meet all 
requirements of USAF Spec. MIL-R-5757 . . . and far surpass 
many. Various standard mounting arrangements available. 


“Diamond H” engineers are prepared to work with you to 
develop variations for guided missiles, jet aircraft, fire control, 
radar, communications, geophysical and computer appara- 
tus .. . any application where peak performance is vital under 
critical conditions. 


Illustrated Bulletin R-150 gives detailed performance data 
under varying conditions. Write for a copy today. 


THE HART MANUFACTURING COMPANY 


206 Bartholomew Avenue, Hartford, Connecticut 
. 
THE HART MANUFACTURING COMPANY, 000 Bartholomew Ave., Hartford, Conn. 


Please send me Bulletin R-150 with detailed performance data on Series R Relays 


NAME 
COMPANY 
ADDRESS 


oo: 
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set of differential equations. The pro 
cedure described has proved useful in 
several years of practical work. 

The a underlying the oper- 
ating of analog computers are essen- 
tially simple. On the other hand, the 
authors have worked with computer 
operators in various parts of the coun- 
try, usually men with degrees in engi- 
neering and mathematics, and have 
seen many others at work. Many of 
these people had fine backgrounds 
ranging from electronics to relativity 
theory. Thus, although they were 
new in the computer field, they 
learned the _ very quickly. 
But their chief difhculty was in the 
determination of scale factors, par- 
ticularly where changes of the time 
scale are involved. Therefore, every 
effort has been made to present this 
subject in detail. All sections in this 
chapter have been documented with 
practical examples. 

Chapter 3 presents computer sctups 
for a number of practical problems 
which serve as illustrations of modern 
industrial d-c analog-computer appli- 
cations. The preparation of useful 
records of each computation is par- 
ticularly stressed. It is intended that 
the samples of problem-preparation 
records shown will be useful for refer- 
ence. 

Chapters 4 to 6 describe the design 
of electronic computing elements for 
maximum accuracy, according to the 
best modern engineering practice. 
Some of the more technical parts of 
the accuracy analysis have been placed 
in the Appendix for the convenience 
of the reader. 

Specifically, Chapter 4 describes the 
design of the networks and feedback 
circuits used to perform the mathe- 
matical operations of addition, multi- 
plication by constant coefficients, dif- 
ferentiation, and integration, with 
special emphasis on the design of 
accurate d-c integrating devices 

Chapter 5 deals with the design and 
operation of modern d-c amplifier cir 
cuits for computer applications. A dis- 
cussion of the stabilization of high- 
gain feedback amplifiers is included 
Automatic balancing circuits are de- 
scribed, and the actual circuit diagrams 
of many d-c amplifiers used in mod- 
ern d-c analog computers are presented 

Chapter 6 discusses developments in 
the still open fields of analog multipli 
cation and function generation. Sev 
eral previously unpublished schemes 
for multiplication and function gencr- 
ation are discussed. 

Chapter 7 describes the design of 
the auxiliary components, such as 
power supplies and recorders; two 
complete sections are devoted to a dis- 
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PUMP WITH 


[= with WICKERS 
BALANCED VANE TYPE PUMPS 


Cold weather imposes a double handicap in starting. All engine 
parts tend to be stiffer, and the power of the starting battery 
is greatly diminished. In vehicles furnished with power hydraulic 
equipment, the starting load may be seriously increased when a 
pump with fixed teeth or lobes is directly connected to the engine 





VICKERS VANE PUMP 


—REAKAWAY ToRG) Vickers Balanced Vane Type Pumps do not have this 
effect. At rest and at normal starting speeds, the sliding 
vanes are retracted .. . only after the engine fires do the vanes 
extend and pumping begins. The result is that Vickers Vane 


Type Pumps make cold weather starts much easier. 
Curves based upon comparative tests of a Vickers Vane YP P ' 


Type Pump and one with fixed teeth of equal capacity. Oil For further information, get in touch with the nearest 
used complied with Army Spec. 2-79-B. Vickers office listed below. 


iV | ICKERS$ Incorporated 


DIVISION OF THE SPERRY CORPORATION 
1454 OAKMAN BLVD. ¢ DETROIT 32, MICH. 


,_* ‘ 
Application Engineering Offices: ATLANTA + CHICAGO (Metro- ‘ 
politan) + CINCINNATI + CLEVELAND + DETROIT + HOUSTON y 7 
LOS ANGELES (Metropolitan) +» NEW YORK (Metropolitan) + PHILA- — & 
DELPHIA + PITTSBURGH + ROCHESTER + ROCKFORD « ST. LOUIS 

SEATTLE + TULSA + WASHINGTON «+ WORCESTER Ask for 





* Sco . 
et | 


} 


6089 New Catalog 


ENGINEERS AND BUILDERS OF OIL HYDRAULIC EQUIPMENT SINCE 1921 M-5100 
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The Finest of Fainmnied Materials... 


We are providing manufacturers with a complete line of precious 
metals laminated to non-precious base metals made to their exact speci- 
fications within the following limitations: 

SHEET STOCK: Maximum width—5S” 
Minimum width—%” 
Thickness—down to .003” 
TUBING: Maximum diameter 1” x .050” wall 
wire: All sizes down to .0045” diameter also 
squares, rectangular and odd shapes. 

In addition to laminated materials we also furnish alloyed gold and 
silver in sheet, wire or tubing form. 

The many varied applications of our materials cannot be listed here, 

but you are cordially invited to inquire for infor- 
mation regarding your requirements. 


— | 


The Home of IMPROVED Service 








nae. aoe oe 
IMPROVED SEAMLESS WIRE COMPANY 


INCORPORATED 1898 


775 Eddy Street, Providence 5, Rhode Island 





PRE-SET, TAMPER-PROOF 


CONTROLLED nn 
TIMER 


at a price you can 
afford 


Practically mon-breakable, Dura- 
kool Pre-set Timer Relays have 
more than proved themselves on 
the roughest and toughest jobs 
that could be found. Year by 
year, their use increases in sensa- 
tional fashion. 

Controlled time available from 
15 to 20.0 seconds in either nor- 
mally open or normally closed ae No false contacts 
actions, 3 to 4 week delivery. No ; ; No chatter 


waiting. Your production schedule ar Quiet in operation 
is met. aa 


Eliminates double contacting 


See telephone directory for local dis- = or braaking of circuit 
tributor or write 1 





DURAKOOL, INC., Elkhart, Indiane 


ALL- STEEL 


Durakool aoe 


Tomcc4 
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cussion of improved control circuits. 
The remaining portion of this chapter 
deals with procedures for operating 
and checking d-c analog computers. 
Chapter 8 describes the design and 
construction of complete computer in 
stallations for various applications in 
industry and science. The choice of 
computing elements and associated 
equipment is discussed, with emphasis 
on reliable and economical operation. 
Detailed descriptions of several mod- 
ern installations are given, and these 
are discussed in the light of the de- 
sign principles previously presented 


Power Plants for Aircraft 


JosePH Liston, Prof of Aer mautical 
Engineering, Purdue University. 6 x 9 
in. 577 pages. Published by McGrau 
Hill Book Co., 330 West 42nd St 
New York 36, New York $8.50. 


A text for the undergraduate student 
in aeronautical and mechanical en- 
gineering, the emphasis is on funda- 
mental principles, and involves the 
consideration of all types of aircraft 
power plants. 

Included are comprehensive com- 
parisons of the many types of jet and 
reciprocating power plants, a funda 
mental analysis of the theoretical power 
plant cycles, a comparison of actual 
engine performance with the theoreti- 
cal cycles, and a discussion of some of 
the practical problems encountered 
operation and testing 

Almost all the new advances in 
the field that have been declassified are 
discussed, and within the limits of 
government restrictions, the book con- 
siders the basic principles of recipro 
cating engines, turbo jets, turbo props, 
ramjets, rockets, and potential nuclear 
types. Review questions and problems 
are included at the end of each chapter. 

Chapters cover: basic requirements 
and achievements; utilization of avail- 
able energy; fuels; charge handling; 
cylinder and burner phenomena; per- 
formance; turbine engine character- 
istics; and structural and mechanical 
requirements. 

A large number of illustrations, dia- 
grams, charts, examples, and review 


questions are included. 


Relay Engineering 


CHARLES A. PACKARD, Chief Engi 
neers, Struthus-Dunn, Inc. 640 pages, 
5 x 7 in. Published by Struthus-Dunn, 
Inc., Philadelphia, Pennsylvania, $3 


The engineeer who must specify the 
correct types of relays for a given ap- 
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For further information on Fawick Industrial 
Clutch and Brake Units, write to the Main 
Office, Cleveland, Ohio, for Bulletin 400-A. 
FAWICK AIRFEFLEX DIVISION 
FEDERAL FAWICK CORPORATION 


9919 CLINTO™ ROAD CLEVELAND 11, OHIO INDUSTRIAL CL bape AND BRAKES 
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== Anegacam Cuemicar Pang: Conmmanyy 
AMBLER PENNA. 


Technical Service Data Sheet 
Subject: RUST PROOFING WITH PERMADINE ° 

















the area of exposure. 


Type of coating 


Soa parts that have been Permadized and then “sealed’’ with a rust- 
preventive oil such as “Granoleum” are effectively protected from rust. And, if 
the oiled “Permadine” coating should be damaged, rusting will not spread beyond 


Note: Automotive and other rubbing parts subject to friction are usually given 
“Thermoil-Granodine” manganese-iron phosphate coatings for both wear-resistance 
and protection from corrosion. 


DATA ON THE ‘'PERMADINE’’ COATING 


Zine phosphate 





" Object of coating 


Rust and corrosion prevention 





Typical products 
treated 


Nuts, bolts, screws, hardware items, tools, guns, cartridge clips, fire con- q 
trol instruments, metallic belt links, steel aircraft parts. certain steel pro 
tectiles and many other components 





Government 
Specifications 


U.S.A. 57-0-2C: Type Ti, Class B 
MIL-C-16232, Type II 

U.S.A. 51-70-1, Finish 22.02, Class B 
AN-F-20 

Navy Aeronautical M-364 
JAN-L-548 





Scale of 
production 
Method of 
application 


Large or small volume; 
large or small work 





Dip 
Barrel tumbling racked or basketed work 





Equipment 
notes 


Immersion tanks of suitable capacity. Cleaning and rinsing stages can be 
of mild steel. Coating stage can be of heavy mild steel or stainless steel 





"Chemicals required 


“Permadine” No. | 





Pre-cleaning 
methods 


Any common degreasing method can be used, Alkali cleaning (““Ridosol’’), 
Acid cleaning (“Deoxidine™), Emulsion-alkali cleaning (“‘Ridosol” - “Rido 
line’); vapor degreasing, solvent wiping, etc., are examples. Acid cleaning 
may need to follow other cleaning methods if rust or scale is present 





“Bath Temperature : 
Coating time 


_190 


205°F. ee Ce ee ree 


20 - 49 minutes 





Coatixg weight range 


1000 - 4000 mgs. pe sq. ft 





Teciinical Service 
Data Sheets 








No. 7-20-1-2 
T.M. No. 5 














CHEMICALS 


WRITE FOR FURTHER INFORMATION ON "PERMADINE” 
AND YOUR OWN METAL PROTECTION PROBLEMS 


CHEMICALS 


PROCESSES 
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plication, and who must determine the 
circuits in which they are to be used, 
requires a variety of information that 
has never been gathered into one 
volume. This book attempts to fill this 
need. The information is treated in 
a practical manner and_ theoretical 
discussions have been omitted or re- 
duced to the minimum necessary for 
understanding the text. 

In the majority of system wiring 
diagrams, a rectangular box has been 
shown to indicate the load on the relay, 
thus making the application intention- 
ally vague. The designer can substitute 
meters, solenoids, valves, warning 
signals, lamps or whatever other device 
he is interested in controlling. In this 
manner, the systems can be made to 
apply to a large number of specific 
problems 

The manual is divided into the fol- 
lowing sections: 

(1) Selection of a relay for a 
specific task. This section covers the 
details of selecting specific types of 
relays that should be used, once all 
the requirements of an application 
have been determined. 

(2) Applications and circuits. This 
section includes a large number of 
typical simple and complex relay cir- 
cuits. Usually there are a number of 
circuits which can be used in any one 
application. The material covered here 
helps the designer to select the simplest 
system which will satisfy his needs. 

(3) Relay components. This section 
covers the mechanical and electrical 
details of specific relays. In particular. 
it covers relay coil requirements, and 
outlines several considerations _ in- 
volved in selecting wire size, coil re- 
sistance, and the number of turns in a 
coil necessary to secure operation dif- 
fering from standard conditions. 

Auxiliary equipment, installation, 
maintenance, testing and testing equip- 
ment are also treated 


Basic Electronic 
Test Instruments 


RuFus P. Turner, Registered Profes- 
sional Engineer, 254 pages, 6 x 9 in. 
Published by Rinehart Books, Inc., 232 
Madison Ave., New York 16, N. Y., 
$4. 

This book covers the test instru- 
ments used in television, radio and the 
general electronics field in a nonmathe- 
matical manner which e'‘iminates all 
unnecessary theory. The basic princi- 
ples, operation, and construction of 
these instruments are covered, and 
their practical applications are dis- 
cussed in such a way as to be helpful 
to the technician, the radio and tele- 
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= AIR CYLINDERS 
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ARD 
HROME PLATED DELIVERY 
ISTON RODS . Our normal delivery is now 8 to 10 


revent Scratch-Damage, : weeks or longer whenever pos- 
licks and Rust sible. However, we can make oc- 
=. casional deliveries to meet your 
RUSH cylinder requirements as 
follows: 





IRTWIPER SEALS  =—s—d& Senderd Modes exert 
* ted bel 4 
| rotect Rods, Seals, Bushings Models 81 ond 82 $9 wade 


| 4 , Water-Fitted Models 7-8 weeks 


Precision Seal and 
other “Specials” 8-9 weeks 
or longer 


All Delivery Promises Are Dated From 
Our Receipt of Complete Information At 
Our Plant 


OLID STEEL HEADS, 
‘APS and MOUNTINGS le 7 
Fliminate Breakage 4 ‘ bs ) 
; ! ae ee 
| | N\ 


qT 
5 9) 








BRASS BARRELS 


Eliminate Rust and Corrosion 








MET J.1.C. PNEUMATIC 
STANDARDS years before 
their adoption in 1950. 


WRITE FOR CYLINDER BULLETINS A-105 and H-104 


Complete Miller cylinder line includes: air cylinders, 
SPACE-SAVING SQUARE 


1%" to 20” bores, 200 PSI operation; low pressure hy- 

draulic cylinders, 1" to 6” bores for 500 PSI opera DESIGN originated by Miller 
tion, 8” to 14” bores for 2:0 PSI; high pressure hydraulic : 2 

cylinders, 1" to 12” bores, 2000-3000 PSI operation. mn 1945, 

All mounting styles available. 





SALES AND SERVICE FROM COAST TO COAST MILLER MOTOR COMPANY 


CLEVELAND * YOUNGSTOWN «+ DAYTON « PITTSBURGH « PHILADELPHIA « , 
BOSTON « HARTFORD » NEW YORK CITY « BUFFALO « ST. PAUL * GRAND , e 
RAPIDS « DETROIT « FLINT * FORT WAYNE « SOUTH BEND « INDIANAPOLIS 2002-04 N. HAWTHORNE AVE. MELROSE PARK, ILL. 
@ MILWAUKEE « LOUISVILLE » KANSAS CITY « SEATTLE * LOS ANGELES « = 


SAN FRANCISCO « BALTIMORE « DENVER « ST. LOUIS « MOLINE « CHICAGO Ss —j,) 
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New Books continued 


THERE 1S A, cS CO TROL vision service man, the hobbiest, and 
« he eng € S$ ass re Q € 
70 +17 Your Weeds soles es « Secuonaael tease 


of general radio and electronic theory. 

The instruments covered are of ma- 
jor importance in radio and _ televi- 
vision servicing, audio-amplifier sys- 
tems, radio and television research and 
development, industrial electronics 
maintenance and design, and to ex- 
perimenters and radio amateurs. 

Specifically, this book includes mate- 
with riveted terminals—is rial on the following subjects: simple 
completely embedded in a meters for current voltage, ohmmeters 
rock-hard resinous material, and volt-ohm-milliameters, vacuum- 
thus protecting against oil, 
dirt, moisture and normal me- 
chanical damage. 


Full accessibility in a 
small package. 


ALC. 
MAGNETIC 
STARTERS 


with Plasti-Clad 
Magnet Coil 
Write for 
Bulletin 605 


Contacts, coil and thermal ele- 
ment replacement with use of 
screwdriver only. Magnet coil 
—in molded phenolic case 


tube voltmeters, power measurements 
and power meters, impedance meters, 
can measurements, capacitor checkers, 
inductance checkers, special-purpose 
bridges and accessories, oscilloscopes 
and applications, R-F test oscillators 
and signal generators, audio test oscil 
lators, frequency-measuring devices for 


= 





50% smaller — lighter. 


R-B-M 22204-0 meets AN 
3304-1 specifications. R-B-M 
engineers have developed the 
22300-0 currently used in 
government electronic, air- 
borne and ground equipment 
—as the electrical and mechan- 
ical equivalent of the AN 
3304-1, yet 50% smaller in 
size with 42 the weight. 


HERMETICALLY 
SEALED 
RELAYS 


radio frequencies, frequency-measur- 
ing devices for audio frequencies, au- 
dio-amplifier testing devices, R-F sig- 
nal tracers, tube characteristics and 


Write for tube testers 


Bulletin ASR 


22204-0 


Electromagnetics 
22300-0 
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JoHN D. Kraus, Prof. of Electrical 
Engineering The Ohio State Uni- 
; versity, 6 x 9 in., 604 pp. Published 
oe ee eee by the McGraw-Hill Book Co., 330 
2-5 poles Reversing. West 42 St. New York 36. N. Y.. 
25 Amp — 600 AC Max. $9. 


Contacts can be replaced with- 
out removing wiring. To 
change coil, remove magnet 
frame and coil assembly only. 
10 and 15 amp. poles can be 
changed from normally open 
to normally closed by using 
screwdriver only. 





INDUSTRIAL 
CONTACTORS 


with Plasti-Clad 
Magnet Coil 
Write for 
Bulletin 600 





This volume intended both as a text- 
book and as a reference work for prac- 
ticing engineers, presents a thorough, 
well-balanced treatment of  electro- 
magnetic theory beginning with ele- 
mentary principles of electric and mag- 
netic fields and progressing through 
the more advanced theory and appli- 
cations. 

The first half of the book, suitable 
Low cost. Small size. for an introductory course in field 








GENERAL 


PURPOSE 


Dependable performance. 
Available in many contact 
arrangements. 


Whatever your needs for inex- 


theory, covers static electric and mag- 
netic fields, steady electric currents, 
and time changing electric and mag- 
netic fields. The second half, quali- 
fied for a somewhat more advanced or 





pensive, dependable relays for 
commercial applications—in- 
vestigate R-B-M General Pur- 
pose Relays. 


intermediate course, is a continuation 
which treats space waves, guided 
waves, radiation, and boundary-value 
problems. The basic principles of 
clectromagnetic theory are presented 
with approximately equal emphasis on 
those phases that find application to 
sach diverse areas as clectronics, radi- 


Write for 
Bulletin 570 
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. 
Other R-B-M products include: motor overload protectors, 
motor starting relays and low voltage DC electrical devices. 


Consult R-B-M On Your Control Problems—W rite Department C-3 


R-B-M DIVISION 
ESSEX WIRE Corp. 


°gansport, Indiana 


ation, magnetism, and propagation 
Important features of this text in- 
clude the following: Graphical and 
analytical field mapping methods are 
discussed in detail and the very useful 
concept of curvilinear square volume 
or field cell is developed extensively. 


MANUAL AN MAGNET 


—- FOR AUTOMOTIVE. INDUSTRIAL COMMUNICATION 
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POSSIBILITIES IN 


IN DEVELOPING 


CO-ACTION 


INCENTIVE INSPIRED 


LINCOLN PLANT CREATED BY 


NEw 


WELDED DESIGN 
ALWAYS SAVES STEEL 
AND LOWERS COST 


Original construction of pedestal 


grinder required costly milling and drill- 
ing using heavy machine tool equipment. 
Casting had to be filled and painted to 


obtain quality finish for sales appeal. 


1. 


Fig. 


Conn. 


Bridgeport 


Inc., 


rigid and costs 12% less to produce. 
Courtesy, The Bridgeport Safety Emery 


Fig. 2. Present welded steel design. Owal- 
ity of product and appearance improved 
Wheel Co. 


to enhance sales appeal. Stability increased 
by lowering motor into pedestal base. 


Weight is cut 35% yet product is more 
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CLEVELAND 17, OHIO 
THE WORLD'S LARGEST MANUFACTURER OF ARC WELDING EQUIPMENT 
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ROTATING DOUBLE-ACTING Foup way 7 





ACCUMULATORS 








MOTOR 
CHUCK CYLINDERS VALVES 
“a 











GREER ACCUMULATORS 


PRESSURE STORAGE CHAMBER to provide 
@. Main source of hydraulic power 

b. Auxiliary power source 

c. Emergency power source. 


2. PRESSURE-VOLUME COMPENSATOR for 
a. Leakage compensation 
b. Temperature compensation. 


3. DISPENSER OF FLUIDS and Lubricants 
4. TRANSFER BARRIER for Fluids and Gases 


5. SHOCK ABSORBER to 
a. Absorb line shocks 
b. Reduce pump pulsations. 


Greer Hydraulics, Inc. \ 


453 18th Street, 
Brooklyn 15, N. Y. 


Greer Accumulators deliver the hammer-like 
blow on the chuck jaws required to seize and 
release work on automatic multiple spindle 
machine tools. In the above simplified, sche- 
matic diagram the Greer Accumulator not only 
supplies power for actuating the chucks but 
also maintains line pressure for holding the 
work securely. A low-volume, high-pressure 
pump charges the accumulator during inter- 
vals between chucking. Without the accumu- 
lator, a pump to deliver the required surge of 
fluid would have to be so large and costly as 
to be economically impractical. 

Let us help you to reduce the size, cost, and 
complexity of your equipment. No obligation. 
Write or phone. 


. 


f- © 
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\ ACCUMULATORS 


U. & PATENTS UNDER OLEAR LICENSES 


Sales Representatives in Principal Cities 
District Offices: 407 So. Dearborn St., Chicago 5 @ 2832 E. Grand Bivd., Detroit 11 
Manufactured and distributed under license in Great Britain by Finney Presses Ltd., Berkeley S!., Birmingham 1, Englond. 


New Books continued 


A large number of worked examples 
are included, along with a great variety 
of tables of important formulas and 
useful relations, making reference to 
these relations easy and convenient. 
There is unusual clarity in the 663 il- 
lustrations and drawings. Very com 
plete problem sets follow each chapter. 
A section on field mapping techniques 
contains a discussion of Mohr’s new 
circle method. Finally, the appendix 
contains a complete table of units and 
useful tables and graphs of special 
functions. 


High Speed Photography 


GrorGe A. JONES, 6 x 9 m., 311 
pages. Published by John Wiley & 
Sons, Inc., 440 Fourth Ave., Neu 
York, N. Y., $6.50. 


This book summarizes the funda 
mentals, current practice and scope ol 
high speed photography in all its 
varied aspects. It is written for those 
who use high speed photography in 
scientific or industrial research or de 
velopment work and for technicians 
interested in modern methods of ma- 
chine performance analysis 

To avoid dull detail, only the out- 
lines of equipment design, technique 
and applications have been given, ex- 
cept in certain cases not already ade- 
quately covered in the literature. For 
those requiring full details, extensive 
bibliographic references are given 

Chapter heads are as follows: Intro- 
duction and History; Production of 
Short Flashes; High Speed Cinemato 
graph Camera Design; Photographic 
Materials; High Speed Still Photog 
raphy; High Speed Cinematograph 
Cameras ; Cinematographic Technique ; 
Trace Recording Cameras; Picture- 
Making Recording Cameras; Scientific 
Applications of High Speed Photog- 
raphy; Industrial and Commercial Ap- 
plications; Appendix A, High Speed 
Cameras; Appendix B, Gas-Discharg« 
Flash Tubes; Appendix C, Formulae. 


Meson Physics 


Ropert E. MARSHAK, University of 
Rochester, 378 pp. 6x 9 in. Published 
hy McGraw-Hill Book Co., Inc., 330 
West 42 St.. New York 36, N. Y 


$7.50 


For the serious researcher in nuclear 
physics, this book presents, for the first 
time in one place, most of the infor 
mation scientists have gathered on the 
meson 

To date there exists no genuine 
theory about the meson. But physicists 
have been able to prepare—what they 
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| STRAIGHT BEVEL GEARS 





ANGULAR BEVEL GEARS ZEROL BEVEL GEARS 


SPIRAL BEVEL GEARS 


Au 


aeeeneainamenen sis VAS - ly 
romotive Gear Works, Inc. 


RICHMOND, INDIANA 


GENERAL INDUSTRIAL APPLICATIONS 





/ METALLIC-BACKED neoprene 
/ . seals are used in this famous bearing — and they 


are engineered to stay put. They can’t blow. 


, J Your lubricant stays in; dust and dirt stay out; 
eC Ca Ont OW, the result is years and years of trouble-free per- 


formance. 


The “SC” Bearing is a service-proved mem- 

ber of the Dodge 30,000 hour line. Modern styl- 

ing. Rugged one-piece cast-iron housing. Long 

DODGE TYPE “SC” - inner race. Radial and thrust load capacity. Fully 

BALL BEARING @Q@ReN , » self aligning. WRITE for complete information on 
. the “SC” Bearing in the Dodge catalog. 


a ee DODGE MANUFACTURING CORPORATION, 1200 Union St., Mishawaka, Ind. 


e loads. Pillow blocks, 


7 aoeenss », D OD: DG E 
+5 - Sat milo Mishawaka, Ind. 


FIRST POWER TRANSMISSION MACHINERY 


FOR YOUR NAME PLATE REQUIREMENTS, WRITE OUR SUBSIDIARY, 
CHICAGO THRIFT-ETCHING CORPORATION, 1555 SHEFFIELD AVENUE, CHICAGO 22, ILLINOIS 





New Books continued 
consider—plausible conjectures about 
these nuclear particles. Without en- 
dorsing any one, Professor Marshak 
offers several of these “theories” as a 
stimulus for future experiments. 

The author restricts his text to real 
meson processes. By omitting consid- 
eration of nuclear phenomena that in- 
volve the particles as nuclear forces, he 
eliminates the most speculative theory. 

Material is arranged in this manner: 
in the first four chapters there is an 
explanation of charged and neutral 
mesons’ behaviour at non-relativistic 
nucleon energies. This covers the pro- 
duction and properties of x mesons. 
The next two chapters consider the 
abilities of different kinds to interact 
with the nuclei. Carefully covered are 
the capture and absorption of slow 
mesons and the properties of ~ mesons. 

Meson production at relativistic 
nucleon energies are then discussed 
and the author enters the field of spec- 
ulation as to their source. Finally, the 
author reviews that which can be safely 
inferred on the basis of experimental 
results. He also indicates the theo- 
retical quandary still facing physicists 

To understand Meson Physics, the 
-eader must have a fundamental un- 
lerstanding of quantum mechanics. 


Logic for Mathematicians 


J. BarKiey Rosser, Professor of 
Cornell University, 
6 x 9 in., 530 pp. Published by Me- 
Grau Hill Bo } [e. Inc i 330 i "est 
i2 St.. New York 36, N. Y., $10. 


Mathematics 


A text for the mathematician, this 
book presents the principles of logic 
used in daily mathematics. It is in- 
tended to make the tool of logic, neces- 
sary in mathematics, readily accessible 
to the working mathematician 

Logical theory, as applied to mathe- 
matics, is developed from first princi- 
ples through the theory of cardinal 
and ordinal arithmetic, and includes 
careful consideration of 
axiom of choice, etc. 

No previous training in logic is 
necessary for an understanding of the 
text. However, in order to grasp the 
mathematical examples, the reader 
must have a knowledge extending 
through calculus. 

Included are extended discussions 
of functions, presenting the two con- 
tradictory forms of function concep 
with an explanation of the method of 
integrating them; the notion’ of ex- 
istence; and the axiom of choice (and 
Zorn’s lemma). Much of the material 
presented in Whitehead and Russell's 
famous three-volume work, ‘Principia 
Mathematica,” is here condensed. 
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Product Engineering 


from 
any 
point 
of view 


you'll do better 
with 


You'll find it easy to do better work with 

Arkwright Tracing Cloth—and here are three 

specific reasons why: 

1 You can re-ink razor-sharp lines over any 
erasure without “feathering” or “blobbing”, 

2 You're never slowed down by pinholes, 
uneven yarns or other imperfections. 


3 You can always count on clean, 
clear reproduction—even years after 
— make the drawing. Arkwright 

racing Cloth is permanently 
transparent—won't turn opaque, 
brittle or paper-frayed with age. 

They're important reasons for putting 

your best work on Arkwright Tracing 

Cloth. Like a sample? Write 

Arkwright Finishing Co., Industrial 

Trust Bldg., Providence, R. I. 


ARKWRIGHT 
Thacireg (Upled 
AMERICA’S STANDARD FGI 





In the illustration above you see a portion of the Mahon 
machine shop where welded steel parts and assemblies of 
various sizes and weights are machined to specification for 
many industries throughout the country. Facilities are avail- 
able right in the Mahon plant to do the complete job from 
the drawing board to finished machining ready for assembly. 
If you have parts or assemblies that can be redesigned and 
produced to better advantage through Steel- Weld Fabrica- 
tion, or, if you are faced with a production problem involving 
large heavy pieces in which pattern costs are a consideration, 
you can turn to Mahon with complete confidence. You will 
find in the Mahon organization a unique source with complete, 
modern fabricating, machining and handling equipment to 
cope with any type of work regardless of size or weight... 
a source where skiliful designing and advanced fabricating 
technique are supplemented by craftsmanship which assures 
you a smoother, finer appearing job embodying every ad- 
vantage of Steel-Weld Fabrication. See Mahon’s Insert in 
Sweet's Product Design File, or write for further information. 


THE R. €. MAHON COMPANY 
DETROIT 34, MICHIGAN 
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- «+n industry that created the need for suppliers 
with the manufacturing facilities and craftsmen to produce consistent 
quality precision parts and assemblies. 
The Indiana Gear Works has been serving the aviation industry since 
1933— accumulating twenty years of precision experience 


that enables I.G.W. to match design intelligence with creative production. 


Behind these doors is a modern plont 
with the finest precision production 
facilities and skilled craftsmen quideg! 


by modern methods and procedures. 
This is o plant where quality is more 
than a word—it's o method of manu- 
facturing. 


INDIANA GEAR WORKS, INC. + INDIANAPOLIS 7, INDIAWA 
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ENGINEER THE PERFORMANCE OF YOUR 
a Gi application engineer will 


i ail 


FOR TOP PERFORMANCE 
SELECT THE ELECTRICAL 
CHARACTERISTICS TO MATCH 
THE LOAD FUNCTIONS OF 
YOUR EQUIPMENT 


() SINGLE PHASE OR POLYPHASE A.C. OR D.C. 


() SELECTION OF RATING FROM WIDE RANGE 
—Y to 400 H.P. 


[-} SELECTION OF PROPER LOADING FACTOR FOR 
SAFE TEMPERATURES AND EFFICIENT 
OPERATION: 

Continuous general purpose rating. 
Short time special rating. 
(_] With consideration to ambient temperatures 
for either of these. 
SELECTION OF VARIOUS TORQUE 
CHARACTERISTICS FOR: 
[_] Starting torque required which varies with 
class of equipment. 
Accelerating torque required which 
varies with inertia—friction—compression 
of the load. 
|] Maximum torque required which may vary 
with momentary overloads. 


SELECTION OF TORQUE CHARACTERISTICS 
AND a FOR REVERSING ROTATION 
OF LOAD: 


Where motor comes to full stop before 
reversing. 


|_| For instantaneous reversing (plugging) with 
reference to load inertia or other load factors. 
SELECTION OF RATING FOR “START” AND 
“STOP” CYCLE FOR: 
[| Standard ratings fer infrequent starts 
and stops. 
(C) Special rating depending on frequency of 
starts and stops. 


SPEED REGULATION AND CONTROL FOR: 


[_) Select normal slip for good constant 
speed regulation. 
Select high slip, to absorb shock of 
impact loads. 


Select adjustable varying speed for 
uniformly constant load. 


| For speed adjustment in fine steps, variable 
load, use adjustable voltage control. 


For speed adjustment in wide fixed steps, 
use multi-speed motors furnished for: 


[} Constant H.-P. 
[} Constant torque 
[} Variable torque 


SELECT MOTOR WITH: 

(} Normal starting current for power circuits 
with good voltage regulation. 

() Lowest starting current for power circuits 
where voltage fluctuates widely (R.E.A. lines). 


CALL A CAE MMPUTCATION ENGINEER (oor ene Oe 


from this wide range of 


% “ 


PROTECT THE VITAL PARTS 
OF THE MOTOR FROM 
VARIOUS ATMOSPHERIC 
HAZARDS — SELECT THE 
MOTOR FRAME PROTECTION 


{) DRIP PROOF — OPEN TYPE GENERAL 
PURPOSE FRAME 


For norma! atmospheric conditions. 


|] SPLASH PROOF — OPEN TYPE FRAMES 


Can be used out of doors without further 
protection or in plants where equipment must 
be washed down with a hose. For plants 
like dairies or other processing plants. Or 
for cooling towers, oil field pumping 

units, etc., out of doors. 


DUST PROOF — TOTALLY ENCLOSED 
FAN COOLED FRAME 


The vital parts of the motor are sealed in. 
Used where the atmosphere is charged with 
abnormal amounts of dust, grit, oil fog, etc. 
This frame has high acceptance in high speed 
mass production metalworking plants or 
wherever a highly charged atmosphere would 
affect the life of the motor. 


EXPLOSION PROOF — TOTALLY ENCLOSED 
FAN COOLED FRAME 


The frame is sealed in, in a manner which 
prevents ao spark inside the frame from igniting 
combustible materials or gases outside the 
frame. The motors have an “Underwriters' 
Label” indicating the design has been 
approved by the Underwriters’ Laboratories 
for certain specified classes of explosives. 


(_] TEXTILE— OPEN TYPE FRAME 


This motor is designed with wide open air 
possages, with smooth surfaces. It actually 
sheds lint, with which the air is highly 
charged in textile plants. 


CERT UR Y B@eowee CTs © 





PRODUCTS THROUGH SKILLFUL MOTOR APPLICATION 


help you select the right motor= 
Gaz motor specifications 


For more than 50 years, 


Century motors hove been satisfying 
the requirements of equipment 
manufacturers — often with the most 
exacting specifications. This has 
produced a great teamwork 
between Century engineers and the 
customers’ engineering department. 


FOR IDEAL ADAPTATION OF THE MOTOR TO YOUR EQUIPMENT — 


Here are a few samples of the many mechanical forms to select from 





(C) 1. Horizontal—base mounted (] 3. Horizontal—ceiling or [] 6. Vertical, round frame—face type ; 
—solid type. side wall mounted. bracket. Equipment bolts to motor. C) 9. Motor with magnetic brake. 





| 4. Horizontal, round frame—face type |[7] 7. Vertical, round frame—flange type | [_] 10. Gear motor for extremely slow 


[J 2. Horizontal—cushion mounted. bracket. Equipment bolts to motor. bracket. Motor bolts to equipment. speeds—with parallel shoft. 





Ask about a sample 
Century motor, scientifically 
selected, for actual test 
performance on your equipment. 
Ask about Century's National 
Network of Authorized Motor 
Service Stations to solve your 


. P , (_) 11. Gear motor for extremely slow 
motor service problems in speeds—with right angle sheft. 
the field. 





([_] 5. Horizontal, round frame—flange | [_] 8. Double shaft extension—-straight 
type bracket. Motor bolts to equipment. or tapered shafts. 
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No. 5. Bellows used for 
Flexible Piping 








Bellows Diges 





_ 
eee 


fi 
A- PIPE CARRYING HEATED GAS OR LIQUID 
B- SUPPORTS 
OF -) 1 Ok 


ONE OF MANY FLEXIBLE PIPING PROBLEMS solved by Clifford 
Hydron bellows is that of allowing for thermal expansion. 
Where heated gas or liquid would expand and buckle ordi- 
nary piping, the expansion or contraction of the fiexible, 
leakproof bellows compensates for dimensional changes in the 


iping without imposing excessive strain on the supports. 
his also permits sidewise movement of supports with re- 
spect to each other. Another typical use of Clifford bellows 
as flexible joints is in hot-air de-icing ducts in airplane wings, 
where wing-flexing requires equivalent flexing of the ducts. 


2 
f 
= & 
Hi 
3 
‘ 
is 
‘iy 
-‘e 


DESIGNED FOR JET ENGINES, Clifford’s new 
flexible manifold assembly embodies a 
stainless steel bellows. Flexibility of the 
bellows withstands increasingly high cem- 
peratures, simplifies alignment problems, 
permits leakproof assembly of flare fit- 
tings and allows for thermal expansion. 


FLEXIBLE JOINTS OF ANY DIAMETER from 
14" to 2634” are available with Clifford 
hydraulically formed stainless steel bel- 
lows. Made to desired specifications, they 
also serve many other applications where 
strength, flexibility, corrosion resistance 
and leakproof sealing are vital. 


IN BASEBOARD RADIATION SYSTEMS, ex- 
pansion joints incorporating Clifford bel- 
lows assure smoother operation, eliminat- 
ing noise of pipes rubbing on timbers. 
Heating system makers also use Clifford 
bellows for steam traps, tank tempera- 


MAYBE YOU, TOO, CAN BENEFIT from the use of Clifford 
Hydron Bel’ows Assemblies. Besides their advantages as 
flexible joints in many types of applications, these flexible, 
leakproof, metallic bellows are also 
used to: (1) control and indicate tem- 
perature and pressure; (2) seal rotary 
shafts or packless valves against liquid 
or gas leakage; (3) transmit motion 


FREE! BELLOWS TEMPLATE KIT 


Trace 20 most popular bellows sizes 
-.. fast ... accurately. Kit in handy 
cardboard envelope, includes full di- 
rections and details of Clifford bel- 
lows. Simplify tedious jobs — send 
for your Kit today. 


turecontrol, mixing-valvethermostats, etc. 


hydraulically to remote points; (4) provide shock mount- 
ings or vibration dampening; (5) permit motion in a vacuum. 


Write Clifford Maaufacturing Company 122 Grove 
Street, Welthain 54, Massachusetts. Dimsion of Standard 
Thomson C orporation. Sales offices in New York 17, Detroit, 
Chicago 1, Los Angeles. 


> Ci 


MANUFACTURING CO. 
METAL BELLOWS 


WALTHAM, MASS wear 
EXCHANGERS 
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FORMSPRACG 


FULL COMPLEMENT e@ OVER-RUNNING 


ml ot ee 


MAXIMUM TORQUE CAPACITY FOR SIZE AND WEIGHT 











’ . | SPECIAL 
ALL-PURPOSE PURPOSE 
BALL BEARING TYPE ss «. BALL BEARING 
PATENTED i a a. TYPE 
r! md = 
\ y 
* 
. wa 6 
oe 


aid PLAIN BEARING 
TYPE 








FORMSPRAG: 
Send the folder to: 


NAME 


TITLE 


COMPANY 


ADORESS 


SPECIALISTS IN FASTENINGS 


7o shee corrosion problems 


HARPER 


EVERLASTING FASTENINGS 


More equipment rusts out than breaks down. Corrosion is a 
destructive force that every user of fastenings faces. 

Many manufacturers today have found that fastenings by 
Harper mean longer life for equipment, better appearance, 
well-satisfied customers—because they resist corrosion. 

The H. M. Harper Company is the world’s largest exclusive 
producer of fastenings in brass, naval bronze, silicon bronze, 
Monel, nickel, aluminum and all stainless steels. Over 7,000 
items in these metals are carried in stock, bringing the advan- 
tage of a single source of supply for all fastenings. 

Harper distributors are located in all market areas, and 
back of these distributors is a complete metallurgical and 
engineering service, ready to assist in solving any corrosion 
problem. 


THE H. M. HARPER COMPANY 
8203 Lehigh Avenue, Morton Grove, Illinois 


. 
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This carpet, molded of plastisols 
formulated from VINYLITE Resins, 
contains electrical components. 
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Data courtesy of Stanley Chemical Co., East Berlin, Conn. 


Each product shown here had a problem in de- 
sign or production—until Vinyurre Dispersion 
Re sins were use d. 

Each required a particular combination of 
properties—which Vinyirre Dispersion Resins 
supplied 

Plastisols made from Vixyurre Dispersion 
Resins, being fluid, are easily formed, quickly 
applied, rapidly cured to their finished state 
They serve equally well for molding or dip- 
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coating. They can be given a range of brilliant 
colors — surfaces that are glossy or soft-textured 
They stay resilient, pliable, and tough — resist 
water, weather, acid and alkali solutions greases 
and oils. They have good electrical properties 

These features add up to long wear and a 
wide variety of uses. They're the same qualities 
that fit Vinyurre Resins and Plastics for scores 
of applications in defense and industry. For 


further information write Dept. PK-10. 


RESINS 
/8\, 





vets \ OO Jeucee 
BAKELITE COMPANY 
A Division of 
Union Carbide ond Carbon Corp. 
30 East 42nd S$t., New York 17, N. Y. 
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Aircraft, Automobiles, Air Conditioners 
Busses, Beverage Coolers, Boiler Jackets 
Chick Brooders, Containers, Clothes Driers 
Ducts, Display Cases, Domestic Boilers 


Furnace Jackets, Frozen Food Carriers, 

Gaskets 

Heating Units, Hangars, House Trailers, Home Freezers 
Ice Buckets, Incubators 

Jugs (Picnic,) Jet Planes 


Lighting Fixtures, Life Jackets 
Metal buildings, Marine Vessels, Milk Trucks 


Outerwear, Office Machines 
Pre-Fabricated Buildings, Pillows, Packaging 


Railroad Cars, Refrigerators 

Steamships, Sea Food Boxes 

Truck Trailers (Refrigerated), Table Pads 
Upholstery Filler 

Vacuum Sweepers 

Warm Air Furnaces, Water Heaters, Winter Clothing 


Take 
a Letter, 
Mr. Designer 


<C 
A 


Many a product has been improved by Microlite 
Glass Fiber Insulating Wool. And just as many 
products are simply waiting for ingenious American 
designers to give them the benefits of this versatile 
insulating material. So where do your products fit 
into the Microlite alphabet? Any ideas? 


MICROLITE Glass Fiber Insulating Wool is one 
of the most efficient of all insulating materials. 1- 
pound density Microlite has a “K”’ factor of .21 et 
75° F, mean. And consider also that 


Microlite weighs as little as \4 pound per cubic foot 
Microlite is an excellent absorber of unwanted noise 


po gad ida acre tore He ge 
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Did you know that many parts such as those 
pictured can be cold forged? 


Through engineering and production methods 
which Allied employs, special cold forged parts 
can be produced in many unusual forms and sizes. 
In numerous instances, parts never before con- 
sidered for this type of production have been 
manufactured by Allied. 


Tolerances as close as are required for most Other Allied , - ee 


machined parts can be secured. Cold forging 
processes invariably provide greater strength and HARDENED AND PRECISION GROUND PARTS ¢ SHEET 
durability in the parts produced. Of most im- METAL DIES FROM THE LARGEST TO THE SMALLEST 


portance, in high volume production, your part ALLITE (ZINC ALLOY) AND PLASTIC DIES e JIGS e 


costs can be reduced considerably. 
i y FIXTURES © R-B INTERCHANGEABLE PUNCHES AND DIES 


Send your part prints to learn what Allied can 


do for you. 
STANDARD HEXAGON HEAD CAP SCREWS I} | II 
Also produced in Allied’s are priced competitively. Your 
ALLIES 


Plant 1 are standard hexagon inquiries concerning these Nn 


head cay screws. They are of products will receive prompt 
ALLIED PRODUCTS CORPORATION 


uniformly high quality and attention. 





DEPT. D-11 @ 12639 BURT ROAD @ DETROIT 23, MICH 


a 
30079 — 
PLANT 1 PLANT 2 PLANT 3 PLANT 4 
Detroit, Mich. Detroit, Mich. Hillsdale, Mich. Hillsdale, Mich. 
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? “o Ce 
ro fi in y 5) — closed die forgings — 


with their unmatched economic 
and mechanical advantages offer 
quick and complete solutions for 
Problem Parts problems confronting 
any member of a production team. 
Consult a forging engineer about the 
closed die forging process for producing 
parts with the correct combination 
of mechanical properties required 


for your product. 


Engineering, pro- 
duction and eco- 
nomic advantages 
obtainable with 
closed die forgings 
are presented in 
this Reference 
Book on Forgings. 
Write for a copy. 


Per lele rl Saiel, | 


605 HANNA BLOG. + CLEVELAND 15, OHIO tease cond €0-gage beckiiee cuttin’ 


¥, 


“Metal Quality — How Hot Working Improves 
Properties of Metal,” 1949 Edition. 























BLUTEX 
PERMANENT 
TRANSPARENCY 





BLUTEX 
UNUSUAL 
STABILITY 


saith 
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BLUTEX 
UNIFORM 
TEXTURE 


PROTON wy! 


BLUTEX 
EASY ON 
THE EYES 





BLUTEX 


100% WHITE 
RAG STRENGTH 


a 


> FREDERICK POST COMPANY © 
> 3690 Ne AVONDALE AVE. CHICAGO 16 HLIHONS al 
ED etree + Ungloweed. ©} + Revden + ies Angele + Stentor 


I 
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Operator confidence soars—and so does 
production —with the Schrader Press 
Control. For this control is definitely a 
two-hand device. It is designed so that 
the hands that feed the die must also 
operate the press. Both hands must be 
used simultaneously for each operation 
of the press and cannot stray into the 
danger zone when the ram comes down. 


This increased safety of Schrader’s 
Press Control lets operators build a 
worry-free rhythm that puts new speed 
in your presses in just a short time. 


What’s more, Schrader Controls end 
the fatigue common with mechanical 
foot pedal operation—a Schrader- 


Reduce 
Danger Here 





equipped press can be run as easily as 
an ordinary typewriter. 


Wherever you have a power press— 
or any machine with a mechanical 
clutch —there’s a chance to increase 
safety ... boost operator confidence 
and thus increase production with a 
Schrader Control. 


Let us help you decide what will 
best fit your needs. Write, describing 
the machines you plan to equip—or fill 
out the coupon below. 





oducts 
Bo. _.- Mail This Coupon Today 
control the air 








A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 


Air Cylinders * Operating Valves °* 477 Vanderbilt Avenue, Brooklyn 17, N. Y., Dept. U-1 
Press & Shear Controls * Air Ejection 
Sets * Blow Guns * Air Line Couplers * 1 am interested in more information on 
Air Hose & Fittings * Hose Reels * Pres- 
‘ , P Name 
sure Regulators & Oilers * Air Strainers 
* Hydraulic Gauges * Uniflare Tube Company 
Fittings 

Address 
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BALANCED 
HYDRAULICALLY BALANCED VANES — EQUAL 
FORCE ON EACH END OF VANES THROUGH- 
OUT COMPLETE CYCLE OF OPERATION. REDUCES 
WEAR, IMPROVES PERFORMANCE. 


BALANCED 
ROTOR RADIALLY BALANCED 
BY OPPOSING (2) INLET AND 
(2) OUTLET PORTS— SINGLE 
STAGE OPERATION—2000 PSI. 


BALANCED 
ROTOR AXIALLY BALANCED BY EQUAL- 
IZED Ol, FORCE ON BOTH SIDES UNDER 
ALL PRESSURE CONDITIONS. ELIMINATES 


DENISON Dual Purpose cl 
i UMI /MOTOR rotor, to stand up longer under continuous use 
at full 2000 psi. 


PERFORMANCE! Complete hydraulic balance of SIMPLICITY! Dual-purpose, bi-directional opera- 
all operating parts assures longer life, better 
operation, complete satisfaction. Dual purpose 
usage increases the value of the Pump/ Motor 
for your every requirement of pumps or motors. 
Pump, Motors operate with equal efficiency in 
either direction of rotation. Denison offers an extensive line of Fluid Motors, 


Pumps and Controls, for circuit pressures to 
VERSATILITY! Pump Motors are ready to use, as 5000 psi 
either pumps or motors, without alterations of 


any kind. Four sizes, each with a choice of cam “The Finest Can 4 i" 
rings, offer pumping capacities from 2.7 to 70 Money Wy! 
gpm... or motor torque ratings from 13 to 257 

pound-inches per 100 psi. 


STAMINA! Pump Motors are highly compact and DEN ISON 


rugged — built with heavier vanes and heavier = 72 10)|\ eave 


tion makes Denison Pump Motors your most 
dependable answer to the widest range of pump 
and motor needs in the 2000 psi range. Write 
today for bulletin P-5. 


the DENISON Engineering Company 1157 Dublin Rd., Columbus 16, Ohio 
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ALUMINUM CASTINGS 


You can count on each of the above desirable character- 
istics for your component parts when you use light- 
weight aluminum castings by Permite. The facilities 
of the Permite aluminum foundries are ultra-modern 
and complete for the production of aluminum alloy 
castings of the highest quality by the permanent mold, 
semi-permanent mold, or sand mold process. 


A pioneer in working with aluminum and its alloys, 
Permite has the experience and facilities for producing 
strong, accurate, structurally correct aluminum castings 
of uniform quality, that eliminate the weight disadvan- 
tages of heavy metal parts. 


Our engineers work closely with manufacturers as 
desired on design and alloy problems, so that full 
advantage of light-weight aluminum may be gained 


in meeting their specific parts requirements. 


For facts on which to judge the advisability of chang- 
ing to light-weight Permite aluminum castings, send 
blueprints and specifications for recommendations and 


cost estimates. 


Cincinnati 25, Ohio 


Detroit: 809 New Center Building New York: 9 Rockefeller Plaza 
Chicago: 64 E. Jackson Boulevard 








Aluminum Castings 


ALUMINUM PERMANENT MOLD and SAND CASTINGS... HARDENED, GROUND and FORGED STEEL PARTS 
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COPPER NAILS 
and TACKS 


Items like these 


available QUICKLY at 
CHASE’ warehouses 





BRASS and BRONZE 
BOLTS and NUTS 


a 


BRASS and BRONZE CAP 
MACHINE and LAG SCREWS 


| ] 
COPPER 


STORM NAILS 





G 


BRASS COTTER PINS 
BRASS ESCUTCHEON PINS 


BRASS and COPPER RIVETS, BURS 





QD 


BRASS, BRONZE and 
COPPER WASHERS 





SOLDERING COPPERS 





INDUSTRIAL WIRE CLOTH and 
BRASS STRAINER CLOTH 





ashe 


INDUSTRIAL and 
AUTOMOTIVE FITTINGS 





PERFORATED METAL IN 
BRASS, BRONZE and COPPER 


BEARING BRONZE BARS 


Cau US FOR ANYTHING from Bearing Bronze Bars to 


Brass or Bronze Bolts... or any other brass or copper 


item for maintenance, repair, operating or production. 


Twenty-three Chase warehouses are located in major 


industrial centers from coast to coast. Phone the one 


nearest you. We can usually fill your orders from stock. 


(CASEF snass « covvee 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION 


The Nation’s Headquarters for Brass & Copper 


Albany t 
Atlanta Cincinnat 
Baltimore Cleveland 
Beston Dallas 


Denver t 
Detroyt 
Houston t 
Indianapol.s 


Chicago 


Miwaukes 


Kansas City. Mo 
los Angeles 


Minreapol's 


San Francisco 
Seattle 

Waterbury 

( Tsales office only 


Newark 

Mew Orieans 
New York 
Philadelphia 


Pittsburgh 
Providence 
Rochester t 
St. Louis 
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LOGAN FLUID POWER ¢ DURABLE, DEPENDABLE SINCE 1916 


a 


‘* 


< 





Kaieteur Falls on the Potaro River in 
West Central British Guiana. Drops 741 
feet—five times higher than Niagara, 
One of the world’s great natura! wonders 
situated in a remote, uncivilized area. 











750 SERIES ROTOCAST® SERIES 
NONROTATING TYPE 7 STANDARD MOUNTINGS 
7 STANDARD MOUNTINGS 
Eight standard sizes from 2" to 8" 


diameter bore. Maximum operating 
pressure 750 p.s.i. 











Sizes from 2" to 8" bore; any length 
stroke up to 8 feet as standard. Four 
piston rod end types. Operating 
pressures to 1500 p.s.i. 





ROTATING "HR" TYPE 


Seven standard sizes from 3" to 14" Consult Legen for your special 
diameter bore. Maximum operating heavy-duty, mill-type cylinder 
pressure 500 p.s.i. requirements 











LOGAN MANUFACTURES 6,975 STANDARD CATALOGED ITEMS 
FREE CATALOG ON REQUEST 
AIR CONTROL VALVES, Cat. 100-4 - AIR CHUCKS, Cat. 70-1 « AIR CYLINDERS, Cat. 100-1 » AIR-DRAULIC CYLINDERS, Cat. 100-3 
AIR and HYDRAULIC PRESSES, Cat. Si - COLLET GRIP TUBE FITTINGS, Cat. 200-5 » HYDRAULIC CONTROL VALVES, Cat. 200-4 
HYDRAULIC CYLINDERS, Cats. 200-2; 200-3 » HYDRAULIC POWER UNITS, Cat. 200-1 « SURE-FLOW COOLANT PUMPS, Cat. 62 
7 


Alm AND HYDRAULIC EQUIPMENT 


Product Engineering — March, 1953 











FOREMOST IN 
SCIENTIFIC DEVELOPMENT 


IN THE REALM OF FORGING 
DESIGN AND THE DEVELOPMENT 
OF PROPER GRAIN-FLOW, WYMAN- 





GORDON. HAS ORIGINATED MANY 
FORGING DESIGNS WHICH AT THE 


TIME OF THEIR DEVELOPMENT. 
WERE CONSIDERED IMPOSSIBLE 
TO PRODUCE BY FORGING. 


VAAN exex@);aBL@)\ 


ESTABLISHED 1883 
FORGINGS OF ALUMINUM © MAGNESIUM « STEEL 


: WORCESTER, MASSACHUSETTS 
HARVEY, ILLINOIS ‘ DETROIT, MICHIGAN’ 
te \ 3 | x | 
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HEAD COMPANY SAYS. 


TREAT 
INAT 








*REJECTIONS REDUCED 
®WEARABILITY INCREASED AND 


COSTS CUT 50% 


HUAN DU) & 


ERELY COLD-WORKED, FURNACE-TREATED 
STEEL BARS 


e Spindles for these multiple drill-heads must be straight. 
Formerly heat-treated, straightening was a difficult, 
costly job, and rejections were high. 


Now produced from STRESSPROOFP, heat-treating, nn ye ne Rag i Be 
with its attendant straightening problem, is eliminated; aS Ohio, uses spindles made from 
machinability is increased 25°); wearing properties have . STRESSPROOF. 
been improved; and costs reduced 50%. 

STRESSPROOF makes a better part at a lower cost. 

STRESSPROOF’s value to manufacturers like U.S. Drill Head stems 
from its unique combination of four qualities in the bar: (1) Strength, SEND FOR... 

(2) Wearability, (3) Machinability, and (4) Minimum Warpage. Yet Free Engineering Bulletin 
STRESSPROOF costs less than other quality cold-finished steel bars. “New Economies in the Use 
It comes in cold-drawn or ground and polished finish. of Stee! Bars” 


La Salle Stee! Co. 
i4ay 150ih Street 


Hammond, indiana ~ < 
Salle Please send me your STRESSPROOF Bulletin. 
Nome 
aA STEEL CO. 


Title 


Manufacturers of the Most Complete Company 
Line of Carbon and Alloy Cold-Finished Address. 
and Ground and Polished Steel Bars in America. 


City Zone__ State 
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looking 


for 
plastics? 


¢ “...@ great time saver.” 
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reach for your Product Design File 








All these manufacturers’ catalogs are instantly 
available in Sections 1C and 1D of your Product 
Design File. They contain comprehensive informa- 
tion on plastics, plastic processors and fabricators. 
The other sections of this File contain additional cata- 
logs covering a wide range of materials and equip- 
ment... useful and up-to-date information on product 


forms, characteristics, performance and use. 

This collection of 201 manufacturers’ catalogs is 
grouped in sections according to products, or use of 
products, so that you can readily compare one product 
with another. Indexes of manufacturers, products and 
trade names lead you quickly and easily to the cata- 
logs you are looking for. 

Sweet's is working constantly to get more manufactur- 
ers to send you their catalogs in this easy-to-use form. 
If you fail to find what you want, please tell us. 


DIVISION OF F. W. DODGE CORPORATION 


119 WEST 40TH STREET, NEW YORK 18, N. Y. 


March, 1953 
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_ AHLBERG 


~— lngineered foe Susur Seovee 


BALL BEARINGS © SPECIAL BEARINGS © PILLOW 
BLOCKS AND OTHER MOUNTED UNITS 
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There’s a “golden” gear in your new Studebaker! 


You'll never see and never hear that “golden” silent Celoron 
timing gear running in your Studebaker, but it gives your car 
good performance and reliable ignition. 


Let’s go back to when cars were carriages and all gears were metal, 


regardless of their function, or the amount of noise they made. 


The plastics industry was fresh out of the mold. Vulcanized 
Fibre (like we’ve made since 1895) was a relatively new prod- 
uct. The thought of using a laminated thermosetting material 
sent chills through the hardened arteries of job-conscious 
engineers. 


Up front in every car were two metal gears, working off the camshaft, to regulate the igni- 
tion timing action of the car. They whined and rattled. They wore, and car owners swore 


at the high cost of replacement and at that infernal gear clatter. 


Along came some enterprising gents with an idea, and a new C-D-F material: 
CELORON, a golden, laminated material made from selected canvas duck and 
a special phenolic resin. They boldly suggested that a gear cut from Celoron sheet 
stock could replace one of the metal timing gears . . . and that it would eliminate 
this “up front” engine noise. 


By gosh, they were right! Celoron gears worked. Noise was eliminated; gears ran better and 
lasted longer. Lubrication was no problem. Car builders with imagination (Studebaker was 


one of the first), hopped on the Celoron bandwagon. 


Today Celoron timing gears are used in every Studebaker and are the finest, 
strongest gears available. Gear timing has proven superior to other methods tested 
by the company. 


A Celoron gear is individually molded! The rim is made of layer upon layer of woven cotton 
fabric that has been resin-impregnated, then laminated. These layers are laid edgewise to give each 
tooth the same high strength. Studebaker did not copy other gear designs . . . they use an 
exclusive spoke construction which reduces the noise level below that of any other design, 
and also provides increased flexibility for excess torsional stresses. Each gear and its metal 
mating gear is precision cut and minutely inspected. The owner of any Studebaker can be 
certain that every effort has been made to insure long life and smooth running of these 
vital Celoron gears. 


Studebaker builds the best because they have engineering 
imagination. They are not limited to old materials, old 
ways. The Celoron timing gear, made from a golden, strong, 
silent material, in your new Studebaker is proof of this. 


NEWARK 40, DELAWARE 





High Pressure 
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Write for our engineering cooperation 
or illustrated circular E 


RX 
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SPIRAL SPRING COILS MAKE 


a 





7) Roll a piece of paper 
spirally into a double coil. 
This is the way SPIROL PINS are 


rolled of steel or other flexible 
materials. 





© Compress roll and insert 
into circle of thumb and 
forefinger. Note “live action” as 


it expands to lock itself in circle. 
This is the SPIROL PIN principle. 














| 








When compressed by in- 

sertion, SPIROL PIN’ im- 
mediately develops evenly distrib- 
uted radial tension, holding it 
firmly in place. 


© Standard SPIROL PINS 
from 1/32” to 1/2” di- 


ameters, and 1/8 to 4” lengths. 
Non-standard diameters, lengths 
& materials available on order. 


The all-around tension provided by spiral coils 
gives SPIROL PIN unique fastening properties. Radial 


spring action locks SPIROL PIN in place. . 


close tolerances . 


. eliminates 


. allows easy removal and reuse 


of pin. The design provides an infinite range of 
controlled variations in shock and shear resistance 
insertion pressure, and flexibility. 


| Write for illustrated folder 
® and somple SPIROL pins. 


Cc. E. M. COMPANY 


35 SCHOOL STREET 


DANIELSON, CONN. 
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Designed for leak-proof closure... 


with Linear O-Rings 


A unique characteristic of Mudco O-Ring Butterfly Valves is their 
ability to provide tight, non-leaking shut-off in industrial, chemical 
and oil field service. This feature is made possible by the use of 
LINEAR O-Rings. The butterfly (disk) is fitted with a precision- 
made LINEAR O-Ring that seals firmly against the valve body. 
The higher the pressure, the tighter the seal becomes—as the 
O-Ring is squeezed against the valve wall. 


As the disk is turned, the O-Ring wipes away all solid material or 
debris . . . assures perfect closing every time. The O-Ring is the 
only wearing part, and it’s made of tough oil and acid-resisting 
synthetic rubber, especially selected by LrinEar for this application. 
The O-Ring is operating satisfactorily in a great many different 
types of service and stays in top condition handling clean fluid even 
after 75,000 open-and-close cycles. When repair is finally necessary, 
simply renewing the O-Ring makes the valve as good as new. 


If you, too, have a product design problem that calls for reducing 
wear, obtaining a simpler or more efficient seal, or reducing manu- 
facturing cost through better packings—call on LINEAR for pre- 
cision-moulded goods that set a high standard for Industry. 


“PERFECTLY ENRINEERED PACKINGS” 
stot it itt hoh hot oho 
—_ 


Awa Va 


f 
ae Js : 


LINEAR, Inc. STATE ROAD & LEVICK ST., PHILA. 35, PA 
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: Most Complete Line of Sheets, Rods, Tape, 
Tubing, Bars, Cylinders, Fabricated Parts 


Profit from our broad experience and completely modern special- 
——— 
“wonder” plastics. 
The finest for 

dsc cops pies Soqeecy, nie wurst 
tesmniee ts lt SARE UMRAO a eioemie enoapting males sod 
um and fluorine. Tough, resilient, extremely anti-hesive—ideal for 
anti-friction and other mechanical uses—these “wonder” plastics 
open new avenues of progress to the design engineer. 
Whatever your whether for stock or for custom 


machined or your inquiry will receive prompt 
ee No. 300 and 500. 


THE FRUITS OF 


“KNOW HOW" 


GROUND THREAD WORMS 


SPIRAL BEVEL GEARS 


EAR WORKS 


STATES | PRODUCTS DIVISION QUAKER CITY 
GASKET | °AMOEN 1, — NEW JERSEY ee 


Representatives in Principal 


COMPANY Cities Throughout the World 


UNITED | FLUOROCARBON Te Ge: 3 











» mb Electric Se 


SPECIAL APPLICATION s” Cekaniae quar water Ca ation 
FRACTIONAL HORSEPOWER ua can ae colt 


GEAR MOTORS 
bring to your product- 


® LOW SPEED bode 
° HIGH TORQUE “Ruggedly designed 
motor w riple 
® COMPACTNESS thread worm gear 
® DEPENDABILITY 


®LOW WEIGHT 





Many years of specialized experience in the s 
design and manufacture of gear motors com- SF Gear unit for reversing 
bined with the finest gear cutting equipment tee pore my 


assure outstanding performance in Lamb type motor. 
Electric gear motors. 


Our manufacturing facilities enable us to 
build the complete range of sizes and types 
of hobbed and shaped gears for use with 
fractional horsepower motors. Cutters and 
finished gears are checked for exactness 
with a precision gear testing machine. 


All Lamb Electric Motors are specially 
engineered for the product, which usually F Series universal motor with 


° . ° . inbuilt gear reduction and 
results in savings in space, weight and cost drive shaft at right angles 


factor. to armature shaft. 
THE LAMB ELECTRIC COMPANY 
KENT, OHIO 


in Canada: Lamb Electric — Division of 
Sangamo Company Ltd.— Leaside, Ontario 


THEY'RE POWERING AMERICA'S Finil PRODUCTS 4 


* Space factor in this power unit is 
minimized by having ovtput shaft at 
right angles to motor shaft. 


taal Elect 


FRACTIONAL 
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LOW COST 


FINISHES 


for zinc, 
cadmium, aluminum 
and cuprous 
provide metals 


corrosion resistance 
paint base 


choice of 
appearance And they are easy to 


apply! Just a simple chemical dip 
for only a few seconds produces the coating. 


LOW MATERIAL 
AND SHIPPING COSTS 


combine to make Iridite the most economical chrom- 
ate finish you can buy. Many Iridite chemicals are 
packed in powder form, thus can be shipped to 
you in steel pails at freight savings of up to 
75%! Pails take less storage space, are 
easier to handle, eliminate carboys, 
need not be returned. 


WHY NOT TEST IRIDITE ON YOUR PRODUCTS? Write for 
literature and send samples for free test processing. See “Plating 
Supplies” in your classified telephone directory or write direct. 


\ 
ee ODUCTS 


Aiiico Resen 


INCORPORATED 


4004.06 — MONUMENT STREET © BALTIMORE 5 MO 


HIGHEST OUTPUT OF 


Quality Tubes 


@ Most manufacturers, when in- 
vesting in an electric-weld tube 
mili, do so only after careful inves- 
tigation, especially of performance 
records. Where, as often happens, 
records are available of the output 
and scrap losses of different mills, 
making comparisons possible, the 
choice of a Yoder is never in doubt. 
As a result, since their introduc- 
tion in 1938, more Yoder mills 
have been installed in the U.S.A. 
and many foreign countries than 
electric-weld mills of all other 
makes combined. 


In fact, the high quality and econ- 
omy of tubing made in Yoder mills, 
have powerfully stimulated con- 
sumption and multiplied the uses 
for electric-weld tubing in the 
automotive, electric appliance, 
netal furniture and other mass 
production industries. The supply 
of such tubing, therefore, has never 
caught up with the demand. 


Get the facts about Yoder mills, in- 
corporating the latest developments 
in tube making, including the 
revolutionary new Yoder induction 
high speed welders for non-ferrous 
as well as ferrous metals and alloys. 


THE YODER COMPANY 


5522 Walworth Ave. ¢ Cleveland 2, Ohio 


Resistance 
Weld 
TUBE MILLS 
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K Westinghouse Air Brake Co. 
GOOD*YEAR 


Continenta/ Motors [orporation 


H Cuicaco Pucumaric| 
wn rae. comoany 


INTERNATIONAL HARVESTER 


CATERPILLAR 
CARCO 


FLLIS-CHALMERS 


rr ee 9 
* HYSTER 


7. LCAACC MA 
COMPANY eerie 


CORP. 
@ CRANE & SHOVEL CORP. = 


fe 
vVt 


CLUTCH PLATES, FACINGS 
AND BRAKE LININGS 


There's one BIG reason why Velvetouch is ‘‘stand- 
ard equipment’ with leading manufacturers. And 
that reason is DEPENDABILITY! They know from 
experience that Velvetouch lasts longer, requires 
fewer adjustments ... because it's all-metal! 

Unlike ordinary friction material, Velvetouch is 
made from powdered metals, compressed and 
fused to a strong, steel backing plate. As a result, 
it runs cooler, guards against scoring... can't de- 
teriorate like asbestos. In addition, it cuts chattering 
and grabbing to insure new operating smoothness. 

Our engineers and laboratory technicians are 
ready to work closely with you in solving your 
friction problems economically...and efficiently. 
Just call our nearest office, or write— 


THE S. K. WELLMAN CO. 
200 Egbert Road + Bedford, Ohio 








THE S$. K. WELLMAN CO. SALES OFFICES ANI) WAREHOUSES 


* ATLANTA—118 14th St... E., 
Atlanta 5. Georgia 

* CHIC) GO 1500 South West- 
orn Ave., Chicago 8, Iilincis 

* CLEVELAND — 200 Egbert Ad., 
Bedtord, Ohio 


* DALLAS — 3407 Main Street, 
1, Texas 


Dallas 1, T 


** DETROIT 16622 James * SAN FRANCISCO - 424 Bryant 
Covrens f° Street, San Francisce 7, Calif. 
Det oft 21, Mich. 


*LOS ANGELES—11.0 South © TORONTO, ONTARI) — The 
Hope St., Les Angeles 15, Cal. $. K. Wellman Co. of : 

* PHILADELPHIA — 1545 West Lid., 2839 Dufferin St. 
bam Ave., Phitadeiphia 


* PORTLAND 436 W. W. 16th 
Ave., Pertiand 8, Oregen 


** WASHINGTON 1101 Vermont 
Ave. 8. W 


** EXPORT DEPARTMENT —8 South Michigan Ave., Chicage 3, Iilinsis 


Product Engineering — March, 1953 


* SALES OFFICE AND WAREHOUSE ** SALES OFFICE 





The Finest 7 


/ ELECTRICAL 
CONNECTOR 


\ MONEY CAN 


j 


/ 


/ 
' 
SCI \ [: Lh \ ASSURES 
LOW MAINTENANCE BECAUSE 
IT PERMITS SIMPLICITY 





When operating conditions demand an electrical 
connector that will stand up under the most rugged 
requirements, always choose Bendix Scinflex Elec- 
trical Connectors. The insert material, an exclusive 
Bendix development, is one of our contributions to 
the electrical connector industry. The dielectric 
strength remains well above requirements within 
the temperature range of —67°F to +-275°F. It makes 
possible a design increasing resistance to flashover 
and creepage. It more wane, A maximum conditions 
of current and voltage without breakdown. But 
that is only part of the story. It’s also the reason 
why they are vibration-proof and moisture-proof. 
So, naturally, it pays to specify Bendix Scinflex 
Connectors and get this extra protection. Our sales 
department will be glad to furnish complete infor- 
mation on request. 


# Moisture-Proof « Radio Quiet « oe Piece Inserts © Vibration-Proof « 
Light Weight « High Insulati ist e High Resistance to Fuels 
and Oils ¢ Fungus Resistant « Easy Assembly and Disassembly « 
Fewer Parts than any other Connector ¢ No additional solder required. 


BENDIX SCINFLEX 


ELECTRICAL CONNECTORS 


SCINTILLA MAGNETO DIVISION of 


SIDNEY, NEW YORK 





AVIATION CORPORATION 
Export Sales: Bendix International Division, 72 Fifth Avenue, New York 11, N.Y. 
FACTORY BRANCH OFFICES: 118 E. Providencia Ave., Burbank, Calif. © Stephenson 


Bidg., Cass Ave., Detroit 2, Michigan * Brouwer Bidg., 176 W. Wisconsin 
Avenue, Milwavkee, Wisconsin © 582 Market Street, San Francisco 4, California 
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See the Gerotor name-plate on a 
hydraulic pump and you know 
what's inside . . . the renowned 
Gerotor mechanism. Both elements 
revolve in the same direction at 
low relative speed... 
friction, wear and slippage . . 
assuring longer life, smoother flow, 
higher efficiency at lower operat- 
ing cost. Eleven pump sizes, some 
engineered for pressures up to 
1200 p.s.i. continuous, 1500 p.s.i. 
intermittent. Specify Gerotor! 


minimizing 


Gerotor May Corp., Box 86, 
Baltimore 3, Md. 


c€ROTOR 
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assures permanent alignment of rollers 








TRUE RUNNING 
IN ANY POSITION 
on 
--conventional applications 
--vertical installations 
--overhung mountings 


--relatively high speed 
applications 


--and are less affected by misaligned 
mountings and uneven loading. 


Orange Cage Type Needle Bearings 
provide the big advantage of high load 
capacity in small space—plus the addi 
tional feature of permanent roller align- 
ment. This permits you to design needle 
bearings into many applications hereto- 
fore unsuited to other needle bearings. 


In the Orange cage design, square end 
rollers are retained in pockets of a free- 
floating, land-riding cage of anti-fric- 
tion, non-ferrous metal. The cage merely 


. _ . guides—does not wear on rollers. All 
Meeting critical needs in Gear Box and Apron of hk it seatn akc “aman toe 


14”-16” BOYE & EMMES ENGINE LATHES ished to reduce corrosion and friction. 


This combination of operating charac 
Orange Cage Type Needle Bearings are used as follows: teristics in Orange Cage Type Needle 
One on the gear box center shaft—three in train gears Bearings provides every installation 
from spindle to gear box—one in the apron. Boye & with quiet, a and long, 
Emmes engineers selected these bearings “because of trouble-free service. 
their high radial capacity, small outside diamater and com- 
paratively large inside diameter."’ They report trouble-free 
performance from all machines in the field. e Write for Engineering Data Book 


showing construction, sizes, ca- 
pacities, etc. 
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customer 
conscious... 


You are treated like a customer when 
you deal with The Bunting Brass & 
Bronze Company. It is a tradition in 
the Bunting organization to consider 
_the good will of the customer as the 
most important factor in the transac- 
tion. Bunting customers find that 
Bunting resourcefulness no less than 


Bunting products, is made available 


when needed .. . Ask any Bunting 


customer. 











BRONZE BEARINGS + PRECISION BRONZE BARS + BUSHINGS 
eo ee 
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pre nas a lal 
" 

iS that always resultS in better 

lucts for y« Low priced 

items like this Burgess pocket 

Strate how we put economy and 

Naturally costs ! 


work together StS had 
lown while keeping quality 


this flashlight housing. Although it ts a small and outwardly simple 
i dehnite and unique problem solved by making full use of a 


| engineering and advance 
r cutting q ialit 


planning ‘1 


there was 
compact space Through ca.:etu 
ng costs without ¢ 


leveloped our own method of « 
fuction skill that saves you money while giving you a better job is the core of 
can combine economical production and 
sce 


prod 
how we 


Let us show you 
1 want 


our service TO you 
quality craftsmanship for your product. Tell us today when y« 


ELMER E. MILLS CORPORATION 


ILLINOIS 


te es Oe * 
CHICAGO 13 


2930 NORTH ASHLAND AVENUE 








S748T taney 
ae 


% 
“ De “> 


\ simple die-cut shape from Spongex sheet stock, 
gives DeJUR owners a projector that has less 
motor vibration, sits more firmly and will not 
crawl on smooth surfaces. 

This inexpensive extra Wins thousands of friends 
for DeJUR. Perhaps your product could use 
Spongex to increase its efliciencey. reduce costs o1 


give bette service, 


performan 


at less cost with 


SPONGEX 
/ CELLULAR 
RUBBER 


DeJUR 8 mm. movie projector uses 
SPONGEX base to dampen 
vibration, prevent crawling 


and protect surfaces. 


There are literally hundreds of uses for Spongex 

sheet stock. You can cut your own applications 

from Spongex sheets or rolls—or we'll die-cut to 

specification. 

If you need cellular rubber with special qualities 
such as flame resistance, oil resistance —per- 

formance under high or low temperature—there’s 


a Spongex sheet stock compounded for the job. 





SPONGEX = 


THE SPONGE RUBBER PRODUCTS COMPANY 602 Derby Place, Shelton, Conn. 
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used for cushioning. insulating, shock absorp- 
tion. sound and vibration damping, gasketing, 


sealing, weatherstripping and dust proofing. 
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EQUIPMENT 


The folks who design and build today’s heavy-duty 
automotive, farm and road building equipment have 
developed some mighty high standards when it comes to 
rugged dependability, efficiency and performance. No 
doubt that’s why so many of them specify CLARK Drive 
Units for that all-important job of power transmission . . . 
and have done so for years. Ask any of them. They’ll tell 
you that “it’s good business to do business with CLARK.” 


CLA RK EQUIPMENT COMPANY 


BUCHANAN, MICHIGAN | 
Other Plants: BATTLE CREEK ond JACKSON, MICHIGAN 





PRODUCTS OF [i] TRANSMISSIONS © ANES © AXLE HOUSINGS + TRACTOR DRIVE 
UNITS © FORK TRUCKS AND TRACTORS « POWERED HAND 
CLARE TRUCKS © GEARS AND FORGINGS © ELECTRIC STEEL CASTINGS 
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~ © SIACK 1930 © in the applivetion, design and 
ic. of pumps separators hydraulic accessories. 
AIL 


ss eee simplex & Duplex 
gIVCHLIgg ABB SEPARATORS 


ROLLER BEARINGS 


* Listed by 


G) Underwriters 
Laborato: ies 
STRAINERS 


- <g ELIMINATE 
as 5 LIFTING 


Rollers are located axially by direct con- [ STANDARD JACKS 


tact with the flanges which present a con- AND 


tinuous surface to the ends of the rollers. HIGH separators are designed 
As a result, it is impossible to have end thrust so that you don’t need 
against the cage. PRESSURE to use a lifting jack to 


raise the rotary plu 
Integral flanges support the free-floating valve. euluaunar 


cage which does not ride the rollers, but signed to a sufficiently 


acts only to align them at their pitch circle. wide angle taper —so 
that the plug does 
not wedge on its seat, 
PITCHLIGN is interchangeable with precision through wear and use. 


needle bearings. Get all the facts! 








Kraiss! Class 72 duplex 

















Flanges serve also to retain lubricant. 








Grit, scale and extrane- 
ous abrasive matter 
settle on the seat face, 
from using a lifting jack. 

-@-~ Then, when the plug is 

oe Wh, returned to its seat and 
7 ~\ the valve rotated, the 
seat is galled and scored. 
This terminates the ser- 
viceable life of your 














nance and overhaul 


\ ° costs. 
R LLER i it Tod Complete | range of sizes — 
ea BEARINGS rs ite (Oddy “peu 
steel, stainless-steel, also alu- 


¢ minum, monel or special 

‘S. ee Ask for Bulletin SF-16 5 metals to your specifications. 
~ - * 

_ Bulletin A-1214 gives full data 

—write for your copy today! 


. Ie 


289 Williams Ave. Hackensack, N. J. 





“ROLLER BEARING COMPANY OF AMERICA « » TRENTON, N. J J. 
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HERE’S TH 

LOCK-NUT 
TO USE FOR 
AUTOMATIC 
ASSEMBLY... 


The Republic Upson Nylok* Nut 


@ You can feed Republic Upson “Nylok” Nuts mechanically at full 
12 WAYS BETTER production speeds through your automatic assembly lines. Or use them 
Assemble from either enc manually for piece-work assembly. There’s no ‘This Side Up” to Republic 
Can bo ro-ceed Upson ““Nylok” Nuts . . . they go on easily. 
Non-galling / b 
Best wrenching characteristics What's more ... the nylon plugs keep these lock-nuts tight wherever you 
Won't damage threads stop wrenching. And they are easy to back-off when the time comes. Can 


No special know-how . 
So epedtel teak be safely re-used, too. 


One piece WRITE FOR SAMPLES, mentioning sizes required. 
& “q 
Ideal for mechanical feeding 
No lubricant needed SIZES: Light series topped ‘4 thru % Regular series tapped Ma" thru 4" 
Cold-forged Light thick series tapped ‘4’ thru 42° Heavy series tapped \4" thru 14” 


Lock in any position Investigate their advantages on your product 


REPUBLIC STEEL CORPORATION 
Bolt and Nut Division « CLEVELAND 13, OHIO 
Export Department: Chrysler Building, New York 17, N.Y. 


\ 


we sledieadalll 
wy) 


How the “Nylok” principle works... 


A nylon plug inserted in one side of the cold- 
forged nut forces all the threads opposite the plug 
into tight metal-to-metal contact with the screw 
threads as the nut is turned on. 


#U.8. Pat.N 2, 462,603 and pending applications 
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WHEREVER PIPING MUST MOVE 


—a specialized * A e C 0 flexible joint! 


—BARCO BALL JOINTS 


“One joint does the work of two or more!”—because it moves in any direction. 
Standard the world over where low cost, leakproof movable joints are needed 
in piping handling steam, air, water, oil, gas, or chemicals. Many models 
available. Up to 40 side flexibility plus 360 swivel action. Also used to facil- 
itate quick connection of piping, overcome misalignment. Pressures to 7,500 psi; 
temperatures to 1,000 °F. 15 different sizes, 4" to 12". Ask for Catalog No. 215 


— also swivel motion 


~—BARCO SWIVEL JOINTS 


Self-aligning! Exclusive side flexibility (up to 10 ) speeds up and facilitates 
installation; prevents binding. Widely used for making compact, low torque 
swivel connections to reciprocating or rotating parts on platen presses, tire 
molds, die casting machines, oil burners. Easy to position piping accurately— 
no sagging, flopping lines. Leakproof, safe — pressure or vacuum. Ratings as 
high as 600 F., 3,000 psi (hydraulic). Sizes, %” to 2"; angle or straight. 


—also limited angular motion Catalog No. 265 


—BARCO REVOLVING JOINTS 


Superior design insures trouble-free performance, minimum roll drag, end up 
to 50% power savings. Inherent low torque is little affected by increasing 
pressure, speed, or temperature. Ports are easily accessible. Light running 
action minimizes wear, permits free-floating installations. No adjusting neces- 
sary—long, leakproof service. Ratings to 250 psi (steam); 450° F. Single flow 
or syphon styles. Sizes “2” to 2” and special to 5”. Wide choice of models. 
For detailed information, ask for Catolog No. 300 


—BARCO SWING JOINTS 


Barco’s new line of ball bearing Swing Joints is complete with sizes and styles 
to meet every requirement on loading racks, fueling assemblies, and chemical 
applications. “O” ring gives long life, leakproof seal. Full bearing surface, 
swiveling 360 in one plane (single swing) or in two planes (double swing), 
supports normol piping. Ball beariz.gs can’t fall out. Built in steel for pressures 
to as high as 1500 psi (hydraulic); temperatures, —40° to 225°F. 11 styles: 
straight, angle, double angle, counter balance. Sizes 2”, 242”, 3”, 4”. 
Catalog No. 400. 


i Sg ee RET 


HIGH PRESSURE HYDRAULIC SWIVEL JOINTS — In addition to the four types of flexible joints 
illustrated above, Barco produces a complete line of High Pressure Hydraulic Swivel Joints for 
use with small diameter tubing or pipe. Send for Catalog No. 269. 


BARCO Wnifecturing Co. 


527D Hough St., Barrington, IIlinois (A Chicago Suburb) In Canada: The Holden Co., Ltd 


FREE ENTERPRISE—THE CORNERSTONE OF AMERICAN PROSPERITY 
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Tube extended, after 
compression test shown 
below, shows no cracking, 
chipping, flaking. 


BIG SQUEEZE won’t mar this finish 


Ever squeeze a tube of shaving cream or tooth 
paste and have the paint flake off? That's what 
happens when ordinary finishes are used. 

Sun Tube Corporation solved the problem for 
its customers. A Sherwin-Williams custom finish, 
applied under controlled conditions, practically 
fuses with the metal. The “big squeeze” you see 
here is proof .. . a myriad of accordion-like bends 
and sharp corners, yet the finish remains intact. 
Also, it has excellent chemical resistance. 

Maybe you have a similar problem where 
flexing causes finish deterioration. Or perhaps 


Another Product of 
Sweawin-Wiitiams 
INDUSTRIAL RESEARCH [ 


you have a different problem, which can be 
solved with a specially formulated coating. Your 
Sherwin-Williams representative can offer quali- 
fied help .. . can bring you Sherwin-Williams’ 
broad experience in providing the right finishing 
materials for widely varying requirements. 

Ask him, too, about Sherwin-Williams identi- 
fication aids—tags, seals or decals to help you fea- 
ture the finish as a quality sales “plus”. Or write 
for booklet B-767, ““How vo Make the Finish Help 
Sell the Product”. The Sherwin-Williams Co., 
General Industrial Division, Cleveland 1, Ohio. 


SHERWIN-WILLIAMS 


INDUSTRIAL FINISHES 
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SIMPLICITY in hydraulic pump design 
is important for these reasons: 


) ... less chance of pump malfunction 
The Pesco hydraulic pump is a gear | : 
design—the simplest of all hydraulic - « less maintenance 


pumps. There are actually only three . - less cost for overhaul 


moving parts in the pump proper. .. less weight 


Fewer moving parts mean— . 
. less noise 


ae ees ' bow 
ert S 


ys the EFFICIENCY of “Pressure Loading” 
P which makes possible: 


** Pressure Loading” is Pesco’s exclusive 
development that automatically holds " ae 
end clearance of gears to a thin film ... volumetric efficiencies up to 97% 
of oil, thereby maintaining the volu- over a wide range of temperatures 
metric efficiency throughout the long 

service life of the pump. 


lus STATISTICAL QUALITY CONTROL 
which assures: 


. . . uniform high quality and performance of each pump 
... a longer, trouble-free service life 


Simplicity of design, efficiency of “Pressure Loading” and 
statistical quality control in all phases of manufacture, are 
three important reasons why Pesco pumps are standard 
equipment on military and commercial aircraft and on 
many automotive and industrial products. Write today 
regarding your hydraulic pump requirements. 


PRODUCTS DIVISION BORG-WARNER CORPORATION 


24700 NORTH MILES ROAD BEDFORD, OHIO 
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Control Instrument Company of Brook- 
lyn, New York, uses a Fellows 7-Type 
Gear Shaper to cut this 2.000” pitch 
diameter internal gear for a fire-control 
device to meet military specifications. 

Using original Fellows cutters for both 
rough and finish cuts of this 4140 Chrome 
Moly steel, the number of rejects is ex- 
ceedingly small. Control Instrument 
Company says, “... using Fellows cutters, 
our rejects are well under 1%”. 

The versatile Fellows 7-type is the 
most widely used size in Fellows com- 
plete line of Gear Shapers which gener- 
ate gears from 1/16” to 120” diameter. 
It offers precision and high production 
on external gears up to 7” and internal 
gears up to 6” pitch diameter and 2” face 


Using Fellows 
Original Cutters... 





PRODUCTION DATA 


Number of Teeth (Cutter) 
(Limited by projecting hub) 

Number of Teeth (Gear) 

Pitch 48 
Pressure Angle 20 
Pitch Diameter 2.000 ( +.002;—.000) 
Run Out (Total Indicator Reading) 001 
Number of Cuts 2 
Production Time (2 Cuts) 
Blank Material 


90 minutes 
4140 Chrome Moly Steel 











width. Set-up is simple, and changeover 
on production runs is quick. 

For helpful information on cutting 
coarse or fine pitch gears, cams, ratchet 
teeth, interrupted profiles, segment gears, 
face gears, racks, and other unusually 
high quality gears — just write, wire or 
‘phone the Fellows office nearest you. 


THE FELLOWS GEAR SHAPER COMPANY 
Head Office and Export Dept., Springfield, Vermont. Branch 
Offices: 323 Fisher Bidg., Detroit 2; 5835 West North Ave., 
Chicago 39; 2206 Empire State Building, New York 1, N. Y. 


GEAR SHAPERS -e 
INSPECTION 


SHAVING MACHINES e¢ 
INSTRUMENTS e¢ 


CUTTERS AND SHAVING TOOLS -« 
THREAD GENERATORS se 


GEAR 
PLASTICS MOLDING MACHINES 
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MADISON-KIPP 
ZINC AND ALUMINUM 
MASTER DESIGN 
formule DIE CASTINGS 


To have your new design meet the 
approval of your shop foreman as well OFTEN PREFERRED BY 


as the boss — because foremen know 


most about the practical side of your DESIGNERS, MANAGERS, AND FOREMEN 


manufacturing equipment and 
personnel 


The shop foreman is a hard- 
headed guy who casts a weather 
eye at your paper work. He 
translates dimensions, concen- 
tricities etc., into operations. He 
looks to see if you have provided 
a place to ‘‘grab the thing.’’ He 
has no tolerance whatever for 
the impractical. His manu- 
facturing problems are your 
design problems. 
Very often Madison-Kipp die 
castings provide advantages that 
appeal to all departments from 
cost analyst on through to the 
sales department. 





3 different instruments with 4 

Madison- Kipp Die Castings — 

each with a special beoring MADISON-KIPP ‘ele}*a te) 's-Vilel, 
insert—each casting with 

matching countours, locating ‘ 

points and centers, made for 


MICRO, Makers of Precision 206 WAUBESA STREET e MADISON 10, Wwis.,U.S.A. 


Switches, Freeport, Illinois. 


© Skilled in Die Casting Mechanics @ Experienced in Lubrication Engineering @ Originators of Really High Speed Air Tools 
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MOC amen tics §=New CLARE Type T 
High Frequency Impulse Relay will 
follow 2500 cycles per second with 


life measured in billions of operations! 


——EEE 
View of Clare 
Type T 
High Frequency 
Impulse Relay aa 
with dust cover “a, ° Exterior view of relay 
removed ready for mounting 


specifications eecee Originally designed for use in an analog computer, the new 


Criare Type T High Frequency Impulse Relay is now available for 

MECHANICAL other applicatior.s which require a highly sensitive relay completely 

StZE: 1-15/16 in. diameter x 2-3/16 in. overall, free from contact bounce and capable of a prodigious number of 

WEIGHT: 5 ounces. operations at extremely high speeds. 

MOUNTING: Equipped with mico-filled bakelite pivg, 

to fit a standord 8-pin octal socket. $ P = 

COvER: Removable dust-tight cover. microseconds enable this relay to follow up to 2500 cycles per 
CONTACTS: second; aperiodic to 1000 cycles per second. 

pa ie} Sareea open) In a typical application, it has a life expectancy, following a 


Gep: oe gs ic od with run-in period of ] x 106 operations, of 5 x 109 operations with a 
Pressure: rams, min. (Coil energiz __ : 
50 taal oh . 0.75 ma contact load over a 6-month period without readjustment. 
COU: 


Type: Single winding, bobbin-wound To achieve its high-speed, no-bounce, and other unusual charac- 
Wire: Heavy formex 


Its pull-in time of 120 microseconds and drop-out time of 100 


teristics, this relay is built to extremely close tolerances, with a 
ELECTRICAL high degree of precision, under conditions of utmost cleanliness. 
This necessitated the development of techniques never before em- 
COM DISSIPATION: 0.5 watt (estimated max.) 
CONTACT RATING: 0.05 amp., mox. 50 volts ac, é se ; , 
ace-tndustive, lectinated? Even before this first public announcement of the availability of 
CONTACT BOUNCE: None 
OPER ATION: 


ployed in the manufacture of relays. 


this truly remarkable relay, its fame has spread. Already dozens of 
Pull-in © 15 empore-turns inquiries and sample orders have been received from laboratories 
Drop-ovt * 12 ampere-turns and development organizations which had learned of its existence 
Pull-in time © 120 microreconds ‘ : coe 
Drop-out time © 100 microseconds through the manufacturer who first applied it in a well-known 


RATE: Will follow 2500 cycles per second; aperiodic computer. It may provide the answer to one of your problems, 
to 1000 cycles per second. ; 


EXPECTANCY: 5 x 10° ott ome For full information on this new relay or for consultation on any 
contact current. relay problem, we invite you to contact your nearest CLARE sales 


DIELECTRIC STRENGTH: 500 volts, rms. . . . ee 
engineer or write to C. P. Clare & Co., 4719 West Sunnyside Avenue, 


Adie Var ole Vile t Chicago 30, Illinois. In Canada: Canadian Line Materials Ltd., 


Toronto 13, Ontario. Cable address: CLARELAY. 
Coil inductance 0.3 hy (contocts open) 
Coil inductance 0.35 hy (contacts closed) WRITE FOR BULLETIN 117 
Coil resistonce 135 ohms 


7 
> 
. 

Pull-in current © 10 to 12 ma. 
. 
a 
e 


current 8 to 10 ma. 
Contact current 0.075 ma. 
a - 


Drop-out 

Normal coil current 

LIFE EXPECTANCY: Following a ! x 10* opera- eT et eee 
tion run-in period, a life of 5 x 10° operations ss “ne 
with « .075 mo. contact load over o 6-month So 








PRECISION MADE 


PHEOLL seeen® 


Se 


Pheoll Screws, Bolts, and Nuts are easier to 
start, easier to drive and easier to tighten— 
because they're accurately machined and 
threaded. These features cut your assembly 
time and cost. 


ee 


The grain structure and flow of metal ob- 
tained through cold heading and roll thread- 
ing increases the structural strength of 
Pheoll Fasteners. Cold working improves 
thread bearing surfaces, providing greater 
area of contact for firmer grip. Greater 
strength reduces possibility of shearing, and 
time lost in subsequent removal and re- 
tapping. 


Step ty step Pheoll inspection, through 
every process of production, assures uniform 
head size and shape; cleanly milled and re- 
cessed heads, neat chamfering and counter- 
sinking. All these fact »rs contribute to the 
quality and finish which add materielly to 
your product's final appearance. Write for 
Pheoll’s product literature and price list. 





THESE PHEOLL PRODUCTS INCREASE 
YOUR PRODUCTION RATE. Thumb Screws 
Machine Screwst ¢ Wood Screwst @ Sheet 
Metal Screwst ¢ Stove Boltst e Rolled 
Threaded Wires and Studs © Special Rivets 
and Pins @ Brass Washers 











tFurnished in slotted 
ond Phillips Recessed Head Types 


PHEOLL 





PROPER APPLICATIONS ... Product Improvement 
with 
CUSTOM 
EXTRUSIONS 


Adjustment strip for a welding Corrosion resistant piping made 
helmet headband produced for INDUSTRIES to order for the Atlas Mineral 
Fibre Metal Products Co. of Products Company of Mertz- 
Chester, Pa. town, Pa. 
Because of the properties required in the custom extruded products 
shown above, H & R used Kralastic, a modified styrene-butadiene, high 
in corrosion resistance and impact strength. 
H & R offers a complete custom extrusion service capable of turning 
out the right plastic material in the exact form you need, at a price 
you'll appreciate. We are fully equipped to make all necessary dies 
for sheets, strips, rods, tubes and shapes. 
Send us your problem—we'll be glad to send ples, rec e 
dations and quote prices. Absolutely no obligation on your part. 


ame oe Om tn) DAY EL 


NAZARETH, PERS. 








“when timing gives 
you a hard time 


Turn your problem over to the 
A. W. HAYDON COMPANY — past masters at 
solving the tough ones. 
The know-how of A. W. Haydon 
Engineers is your assurance of prompt, 
accurate service regardless of the 
intricacies of the problem. 


Ghe 
Send for catalog. 
Would you like to work A.) W-MAYDON 
with us? We need 


qualified engineers now. Jaa 0 M P A N Y 


Excellent opportunities 
for men who are look- 
ing to the future. 


221 NORTH ELM STREET 
WATERBURY 20, CONNECTICUT 
Design and Manufacture of Electrical Timing Devices 
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Photo courtesy Marlow Pumps, Ridgewood, New Jersey 


nearly 25% more water 
with Chrysler Industrial Power 


Too seldom does Mother Nature 
supply moisture in the right pro- 
portion for maximum realization 
of the good things of the soil. This 
problem is not confined to the so- 
called “‘dry”’ or “‘arid’’ regions of 
the country. For instance, here’s 
a field of beans in upper New York 
State. This farmer, like many 
other farmers and growers, has 
found that a sprinkler system fed 
by a Chrysler-powered pump pro- 
vides the supplemental irrigation 
necessary for best growth. 


The Marlow Pump in use here 
is designed for high capacity 
pumping. For that reason, the 
powerful new 180 horsepower, 331 
cubic inch displacement Model 20 
Chrysler V-8 Industrial Engine was 
selected to power it. Result: nearly 
twenty-five percent more water 
than delivered by pumps powered 
by engines of similar weight and 





HORSEPOWER 


CHRYSLER 


Industrial Engines 


displacement, without sacrificing 
fuel economy. 

This is another fine example of 
how Chrysler meets the many 
and varied requirements for in- 
dustrial power. For instance, 
Chrysler can equip any of its 
engines with a corrosion-resistant 
or fungus-treated electrical sys- 
tem; propane or natural gas burn- 
ing carburetor; 3, 4 or 5 speed 
transmission; standard or gy¥rol 
Fluid Drive. 

Chrysler Industrial Power is 
not expensive. Production-line 
methods adapted to specialized 
industrial engine building provide 
a custom-built engine at mass- 
production prices. 

For your power needs, see a 
Chrysler Industrial Engine dealer 
or write us direct: Department 43, 
Industrial Engine Division, Chrysler Cor- 
poration, Trenton, Michigan. 


WITH A PEDIGREE 


Here's how 
SripteeW Molded Plastics 
meet requirements for: 
7 APPEARANCE 
wo PERFORMANCE 
wo STABILITY 
in Electrical Components 


e . 
oWidu Nding ano eManufacturing comrany 
eat ole 46728 Fullerton Chicago 39 


“Mm” Electronents Division 


Triple 
in: Molded Motor Parts (_) Electronic Parts | 


1 Custom Plastics [_] 
We are interested 


~ Two Piece 
MMMolded Phenolic Case 
* 


MMMolded Nylon Terminal Strips 


\ 


Yt 


INS || 
— \ >» ey 
. 7 A NY 


- 
MMMolded Nylon (Copper shell) Commutator 


MMMeolded Nylon Brush Holder (Brass insert) 
—™ (if i. 
MY 


e 
MMMolded 2-piece Phenolic Fan Housing 


\ MM Molded Nylon Switch Lever 


S— ar 





* 
MMMolded Nylon Bearing Rod 
See 
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STANDARDAIRE 
— DESIGN 


Every so often, a manufacturer has a 
chance to prove his wisdom in the selection 
of the product components he specifies. 
For example, Read Standard Corporation 
was able to obtain performance data on 
one of their ‘‘Standardaire’’ Blowers which 
for 15 


had operated 24 hours a day, 


months, at 2200 rpm. 
In other figures, that’s about one and a 


half billion revolutions — representing many 
years’ service for typical blower installations. 
Even after the hard, difficult service, 
this blower and bearings were found to 
be in excellent condition when dismantled 
and inspected in the presence of Read 


Standard customer's representative. 


BALL AND ROLLER BEARINGS 


= KX F BEARING 
ENGINEERING 


Performance like this is proof of sound design — 
proof, too, that the designers selected the best 
available materials and component parts... 
among these were =°c? Bearings. 

Here we quote from the ‘“Standardaire’’ Blower 
performance report: ‘“‘Anti-friction bearings 
in good condition.’ They were =cs” Cylindrical, 
and Spherical Roller Bearings, designed into 
the gate rotor shaft and main rotor shaft as 


shown in the illustration. 








and engineering help when you're laying- 


in bearings, you can get it from & 
field or home office men who know the 


best ways todo the job in every industry. 


SKF INDUSTRIES, INC., PHILA- 
DELPHIA 32, PA. — manufacturers of 


SKF and HESS-BRIGHT bearings. 


Remember —if you want design assistance 


7323 


Puts The Right Bearing in The Right Place 


March, 1953 
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ee uneemnen 
How to Benefit 


From Double- 
Purpose 


TEXTURED 
ORGANIC 
COATINGS 


8 pages—25 cents a copy 

















Textured organic coatings 
serve the double purpose of pro- | 
tecting metals and furnishing 
finishes of unusual eye-appeal. 
These coatings are extremely 
useful as they obscure marks left 
on metallic surfaces by produc- 
tion and finishing operations 
effectively with one coat. 

All the latest information on 
| these “special effect” coatings is 
available to you in this report. 
Included is an invaluable chart 
showing suggested uses, applica- 
tion methods, properties, and | 
color possibilities. 

Copies of other reports in this 
series on improved product ap- 
pearance and protection are also 
available. 





WHICH COATING FOR GRAY IRON? 
8 pages—25 cents a copy 
IDENTIFYING YOUR PRODUCT 
8 pages—25 cents a copy 
| ELECTROLYTIC AND 
CHEMICAL COATINGS 
8 pages—25 cents a copy 
TEXTURED ORGANIC COATINGS 
8 pages—25 cents a copy 
HOW TO PLAN PRODUCT COLORS 
8 pages—25 cents a copy | 
FINISHES FOR ALUMINUM 
PRODUCTS 
8 pages—20 cents a copy 
| SELECTING ORGANIC 
COATINGS FOR METAL PRODUCTS 
8 pages—15 cents a copy 
| PHOSPHATE COATINGS 
FOR MILITARY PRODUCTS 
8 pages—25 cents a copy 
WRITE TO READER SERVICE DEPARTMENT: 


WHEELER <2 | .Procut 
a | ‘a ng i nee ri n g 


MAKES THESE PRODUCTS A Specialy McGraw-Hill Building | 


THE WHEELER INSULATED WIRE COMPANY, Inc. New York 36, N. ¥. | 
Division of The Sperry Corp. © 1103 EAST AURORA ST., WATERBURY 20, CONN. —_— 
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TESTED BY UNDERWRITERS’ LABORATORIES, INC 


Breaking Records Throughout Industry! 
FOR LONG LIFE... FOR ECONOMY... FOR SAFETY 


Leading glass manufacturer reports Rockwood Maintenance engineer of large gas company 
Ball Valves, operated 1500 times a day in a says: “Easy operation and no maintenance 
mixing process, were only valves to slay in cost make Rockwood Ball Valves far ahead 
service over a year. of any others we have used.” 


Here’s why Rockwood Ball Valves give you more of what you want in 
valve performance: 


FULL ROUND FLOW .. . no change in shape or volume of the fluid stream . . . no 
turbulence . . . minimum friction loss. 


QUICK OPENING AND CLOSING... needs only a quarter turn, even under 


full pressure. 


‘ 
RESISTS WEAR LONGER... scratching, pittine and abrasiun have little effect on 
the chrome-plated, floating bionze ball. 


STAYS LEAKPROOF . . . in closed position, pressure of fluid automatically positions 
ball against synthetic rubber seat to form a tight seal. 


It will pay you to investigate how these advantages can benefit your own 
applications. Send for bulletin. Rockwood Sprinkler Company, 106 Harlow 
Street, Worcester 5, Mass. Distributors in all principal cities. 


On Texas transport firm's fleet of propane- 
butane trucks, the leakproof construction of 
Rockwood Ball Valves make them safest for 
handling inflammable gases. 








Some Prominent Users 


Libby-Owens-Ford Glass Co. 
Pevere Copper & Brass, Inc. 
Bird Machine Co. 
Remington Rand, Inc. 
Hub Mach’ ne Co. 
Daggett Chocolate Co. 
Also approved by Und. Lab. 
for L. P. G. 





ROCKWOOD FULL-FLOW BALL VALVES 





THE FLOW 1S AS ROUND AS THE PIPE ITSELF y 
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How to save time and money 
on symmetrical parts! 


OU are in line for a double ad- 

vantage when you turn to Shen- 
ango for symmetrical, tubular or 
annular parts, large or small. 

First, such parts are produced by 
Shenango’s advanced centrifugal 
casting process. This means tougher 
parts because of finer, pressure-dense 
grain, greater strength, better elon- 
gation and freedom from sand inclu- 
sions, blow holes and other often 
hidden defects. It also means less 
waste, less machining. 

Second, Shenango has the modern 
machining facilitiesand skilled work- 
manship to give you semi-machined 
or finished parts... precisely as spec- 


AtL RED BRONZES 
MONEL METAL 


* MANGANESE BRONZES 
NI-RESIST 


ified...at minimum cost! The heavy 
trunnion bearing shown above is 
one of the many types of parts, large 
and small, ferrous and non-ferrous, 
regularly produced at Shenango. 


FREE BULLETINS 

Find out if Shenango can help 
you save time, money and material. 
Bulletin No. 150 covers non-ferrous 
centrifugally cast parts; Bulletin No. 
151 for parts of Meehanite Metal and 
Ni-Resist. Either or both are yours 
for the asking. 


SHENANGO-PENN MOLD COMPANY 
Dover, Ohio 
Executive Offices: Pittshurgh, Pa. 


ALUMINUM BRONZES 
MEEHANITE METAL 


650 F. 


STEADY OR WITH 
RAPID FLUCTUATIONS 


MYCALEX INSULATION CAN 
TAKE BOTH OF THOSE 
TEMPERATURE CONDITIONS 


It holds inserts tightly, and 
moves with the metals around 
it, because it has very nearly 
the same coefficient of thermal 
expansion as the most impor- 
tant metals of which inserts 
and casings are made. 


DESIGNER! UNCHAIN YOUR IMAGINATION! 


The destructive effects of high oper- 
ating temperatures, high ambient 
temperatures, thermal expansion as 
between metals and _ insulations, 
have caused you to make too many 
items too much bigger and heavier 
than they need to be. 


MYCALEX glass-bonded mica 
also is dimensionally stable, corona 
resistant, does rot carbonize under 
arc, has no moisture absorption. 


Chatter-Less 


ct Brush Holder 


y Spur Gear 


“ 4 a 
YS #- St te 
Plate Assembly ° e 


f Jl 
i* a aan | 
for PA Timer a Ned <) 
Ney 
Threaded 


Coil Form . 


J 
Coaxial Bushing b 


THERE ARE PLENTY OF OTHER USEFUL 
FEATURES . . . WRITE for the whole story 


THE INSULATOR 


R 


MYCALEX CORPORATION of AMERICA 
Owners of ‘““MYCALEX” Patents and Trade-Marks 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 
GENERAL OFFICES AND PLANT 
125 CLIFTON BOULEVARD, CLIFTON, N.J. 
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Really complete, the Hannifin line 
of pneumatic cylinders is made with 
two types of pistons . . . bores from 
1” to 16” . . . six standard mount- 
ings. Really standard, these cylinders 
are tooled to tolerances that assure 
accurate mounting to make assem- 
bly to your machines easier. Really 
built, each cylinder is “TRU- 
BORED” and honed, piston rods 


are ground and polished, inter- 
changeable end caps, heavy duty tie 
eee rods . . . rugged, yet precision con- 


struction throughout! 
HANNIFIN HAS THE aoe 


Bulletin 210 
MOST COMPLETE LINE 
OF AIR CONTROL 


EQUIPMENT! 





NEW! REVOLUTIONARY HANNIFIN Disc Type 


. Air Control Valves 

curate control of air-operated equipment. 

Piston-operated poppet design. 2 and 3-Way Bronze discs lapped to perfect seal with 

Exclusive replaceable cartridge for Valves. _ seats. Packless design. For hend, foot or 

easier maintenance. Speeds to 600 Same valve operates electrical operation. Sizes: Ve" to 14" L.P.S. 

cycles per minute. Pressure from 2-way or 3-way, nor- 

15 to 150 p.s.i. Integral, solenoid- mally open or nor- Write for Bulletin 57-W 

controlled pilot heads or a choice mally closed. %" to 


: Ve" LPS 
of 10 separate pilot valves for VA" UP.S. 
“Directalr” 
remote control. yr commen” 


electrically contrelied 
@ Fewer Valves to Stock ie : 4-Way Valves. eir-eperated disc velve 


@ Fewer Parts to Stock Twe 3-way volves 
@ Maximum Interchangeability mounted in compact, 
@ No Springs in Main Valve common body. Twe 
i ; piston poppets. Two 
Write for Bulletin 231. cortridges. %”, 4", 
¥," 1.P.S. 
EXCLUSIVE REPLACEABLE 
CARTRIDGE 
AIR WARDEN 
Air filters, pressure 
begulators and lubri . 
cators to protect air 


operated equipment 


Bulletin 10108) + 


HANNIFIN 


Hannifin Corporation, 1125 $. Kilbourn Ave., Chicage 24, Ill. 
Air and Hydroulic Cylinders © Hydraulic Power Units © Pnreumetic ond Hydraulic Presses * Air Contro! Valves 
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THEY’RE MADE OF BERY 


\f the IFF radar device used by air- 
craft should give the wrong signal, 
our own planes would be in danger 
of being shot down by antiaircraft 
and fighter interceptors. Small but 
vital beryllium copper parts prevent 
any such catastrophe. 


To insure the correct signal, each 
finger in the circular part must have 
uniform tension and must line up per- 
fectly. That's one reason why beryl- 
lium copper was chosen for this 
application. The required accuracy 
can be achieved only by fixture hect 
treating, and Berylco is the only 


Parts shown processed by H. Braun Tool & Instrument Co., Hawthorne, NJ. 


material that can stand such severe 
forming and still retain its desirable 
spring properties. 


Of course there are other reasons 
why this versatile alloy is used here. 
Its resistance to fatigue, corrosion and 
relaxation; its electrical conductivity; 
its indifference to temperature varia- 
tions—all are important. 


The ability of Berylco to offer the 
designer more than one desirable 
property has materially increased 
its application—for peacetime prod- 
ucts as well as those used in defense. 
If you would like te include Berylco 


LC 0 BERYLLIUM COPPER 


in your plans for the future, we 
invite you to share the knowledge of 
the world’s largest producer of beryl- 
lium copper. Call or write any of the 
offices listed below for help or 
sample material. 


THE MOST COMPLETE LISTING 
of available beryllium copper 
forms is contained in the Berylico 
Product Directory, just published. 
Send for your free copy today. 


TOMORROW'S PRODUCTS ARE 


PLANNED TODAY— WITH 
BERYLCO BERYLLIUM COPPER 


THE BERYLLIUM Corporation 


DEPT. 3C, READING 2, 


PENNSYLVANIA 


New York * Springfield, Mass. « Rochester, N.Y. « Philadelphia « Cleveland » Dayton © Detroit » Chicago » Minneapolis « Seattle » San Francisco « Los Angeles 
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Representatives in principal world-trade centers 
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National Laminated Plastics 


att. all, 


y known— 


a) 


all. 





y accepted 


The Kyle Automatic Oil Cir- 
cuit Recloser utilizes stringers 
made of Phenolite tubing, anda 
postformed Phenolite contact 
frame. Kyle selected Phenolite 
because it is a superior insulat- 
ing material with great me- 
chanical strength and is unaf- 
fected by oil. 


contributes to an improved product— 
in the Kyle Automatic Oil Circuit Recloser 


This practical use of Phenolite by the Kyle Products Plant of the 
Line Material Company is typical of its countless applications 
in the electrical field. Phenolite, about one-half the weight of alum- 
inum, is the perfect insulating material for high and low voltage 
applications. It possesses an unusual combination of properties. 
Phenolite has great mechanical strength and high resistance to mois- 
ture; ready machinability; is unaffected by solvents and oils. 

It can be easily punched, sawed and sheared. The toughness and 
high impact strength of cloth base Phenolite sheet make it suitable for 
gears; it is one of the strongest materials per unit weight known. 

Available in various grades and colors; and in sheets, rods, tubes 
and special shapes. Write for detailed literature and engineering 
information— 


NATIONAL VULCANIZED FIBRE CO. 


Wilmington (a Delaware 








Offices in 7] Principal Cities 


Since 1873 





STIC | 


” SUICONE 
HUBBER 


FABRICS 


lr temperatures 
their special virtues, 


Ii o | | 
MW boty Py svecorremorce 


COHRLASTIC rub- 
ber is synthesized 
from silicon... 
the major constitu- 

» ent of sand... by 
a complex process 
involving molecular 

engineering. For high 


used for reinforce- 
ments. COHRLASTIC fab- 
rics come in rolls 36” 


7 
Vj ' Hi wide and various thick- 
nesses. They are highly 

f - resistant to extreme tem- 

ve J peratures, have alow 


compression set and high 
dielectric strength. They 


a j withstand hot oil, hot 
B ashes, coolants, mild acids, 

i ‘ " 
/ mild alkalies, gases, infra- 
vy red rays. Use COHRLASTIC 
fabrics for better gaskets, 
diaphragms, bellows, boiler 


sealing, expansion joints, fire 
curtains, oven conveyor belts, 
refrigerator door seals, duct 
work. 


Data sheets and sample 
swatcaes on request. 


FIRST IN SILICONE RUBBER FABRICATION 








408 EAST ST. * NEW HAVEN, CONN. ane MUEE Compan 
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How to 
organize, operate | 
and control 


product- 
design 
engineering 








department 


Here is a book that will 

show you tested methods to 

ya production and re- 

uce costs in your engineer- 

ng department. D d to mini paperwor) 
without sacrificing control, this book outlines th 
‘asic functions necessary to all successful engi 
veering departments, large and small. se fun 
lamentals are discussed in full to clearly point 
he way to smoother operation, higher productior 
and greater economy in your organization. 


ENGINEERING 
ORGANIZATION 
AND METHODS 


by JAMES E. THOMPSON 
Booth Mamafectering, Corvarelon "Tiiministreiee Bae 


337 Pages, 6 x 9, ry 


MeoGraw-Hill industrial Organization and Management 
Series 








This practical guide analyzes each step of pro 
cedure used by successful engineering departments 
to handle prime functions and establish basic con- 
trol. In its fifteen chapters you are led through a 
complete study of your 
problems relative to 
organization, person- 
nel, cost control, draw- 
ings, part numbering, 
cataloging, print con- 
trol and many other 
important subjects. It 
explains methods found 
superior in delegating 
authority, apportioning 
duties and avoiding ov- 
erlapping between sec- 

. Over 150 = 





15 Helpful 
Chapters: 


Ae opp 


you in — under 
a “The infoe- 
mation in this book 
applied to your organ- 
ization will result in 
maximum efficiency 
and cost reduction. 


10 Days FREE Examination—Mail Coupon 














pee Hill Book Co., 336 W. 42 St., NYC 36 


me Thompson's ENGINEERING ORGANIZA. 

TON AND METHODS for \0 days’ examination 
on approval. In 10 cays 1 will send $6.00, plus a 
id. (Post 


Position 
Books sent on approval in U. &. and Canada onty. 
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One of the major advances in television reception is the result 
of Pittsburgh Plate Glass Company research that produced 
Teleglas. Within less than a year after its first commercial use, 
this “gray glass’ had become the industry’s standard facing for 
‘ . a hl 7 . . . . 
cathode-ray picture tubes. The sharp contrasts and the elimination Making products better, 
of dazzling brightness, faded grays and “‘halos” are the contribution . 
S CHENG SERIE, CRESS PSOaRS Tee set ones safer, lighter, stronger 
a) a 
of PPG leleglas to the modern television receiver. 
. ° ~ ; . . If your products need light-weight, dur 
A leader in glass research—and with 70 years’ experience in , 
5 : . ae insulation . . . if they require exceptio 
large volume glassmaking—Pittsburgh Plate Glass Company is strong reinforced plastics . . . if they need to 


now drawing upon these skills in the manufacture and development weather-proof, flame-proof fabrics, or hig 


_ : 7 . . . efficient electrical insulation—then PPG 
of Fiber Glass. If your products use Fiber Glass—either Superfine 
’ Glass may be an important factor in your | 


Insulation, or Yarns, Strands or Roving—there may be advantages ning. Field engineering service, or prod 
you can obtain by specifying Pittsburgh.” You are invited to and other information, may be obtained 
, is a — . - executive offices in Pittsburgh, or distri 
obtain complete information on facilities for serving you. Pittsburgh 
P 5 offices in Chicago, Cincinnati, Clevela: 
Plate Glass Company, 632 Duquesne Way, Pittsburgh 22, Pa. troit, New York and Washington. 


FIBER GLASS PAINTS GLASS CHEMICALS - BRUSHES PLASTICS 


PITTSBURGH PLAate GLASS COMPANY 
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Uneepac... 


the new Johns-Manville 





Here at Last is an automatic ring packing that’s 
designed to eliminate one of the most common 
causes of packing failures! 

A glance at the cross section above will show 
you why. Note the projecting portions of the 
center section of each Uneepac ring. These pro- 
jecting “legs” provide an effective safeguard 
against damage by excessive gland pressure. 
Header and follower rings are therefore seldom 
required. 


Another important advantage is also provided 
by this unique design. Each Uneepac ring centers 


| 


automatic ring packing 


itself on the preceding ring so that the entire 
set is aligned vertically and nested perfectly. 
This feature practically insures trouble-free 
installation. 


If you are looking for an automatic ring pack- 
ing that seals effectively in a minimum of space 
. +. Operates with a minimum of friction . . . and 
is instantly responsive to fluid pressure changes 
... you will want all the facts about Uneepac. 
Bulletin PK-58A is free for the asking. Just 
address Johns-Manville, Box 60, New York 16, 
New York. 








Pa oeucrse 


JM Johns-Manville PACKINGS & GASKETS 
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SPECIALISTS IN METAL STAMPINGS 


FOR OVER 70 YEARS 


Radio Case—U.S. Signal Corps [jreater Production Facilities 





. for your requirements of deep-drawn 


and stomped metal parts Washing Machine Tub 


Over 1000 skilled people ...289 deep draw 
and stamping presses ...92 welding machines 
..15 acres of production facilities . . . com- 


plete tool and die department. 


STAMPING + DRAWING + FORMING 

TINNING + GALVANIZING + WELDING 

LEAD COATING + SPRAY FINISHING 
VITREOUS ENAMELING 


Deep Fat Fryer Pot 
Transmitter Case 


Commercial 
Fruit Juicer 


Safety Guard for Power Tools 


Vacuum Cleaner Ports 


Fuel Tank Gas and Water Cans 
Cover for te Cream Freezing Equipment Christmas Tree Stand, U.S. Quortermaster 


(ia GEUDER, PAESCHKE & FREY CO. 


ST anuwrents J 1505 W. ST. PAUL AVENUE © MILWAUKEE 1, WISCONSIN 
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WHEN the functional efficiency of your product 
is largely dependent upon the effectiveness of 
its integral power transmission system, the qual- 
ity of the gears you need fo transmit power is 
the major consideration. 

Through its entire 35 years of operation, 
Perkins has specialized in the production of gears 
to customers’ specifications—any size, any quan- 
tity, metallic or non-metallic. Consequently, 
among consumers of custom-made gears, 
PRECISION & PERKINS are accepted as synonyms. 
For trouble-free power transmission, specify 
Perkins custom-made gears. Have us quote on 
your requirements! 


NOTE 1: A new product is the Perkins Precision Spring 
Coiler. This coiler (patent applied fer) turns out precision 


© 
springs — any type, shape, size, from wire sizes .005 te .125. 
2: Another new product — the Perkins “Bendit 15° -—a D E | N 


patented metal forming machine bends and shapes sheets, 


rods; strips tubing into innumerable complex as well as simple 
forms that would be difficult or impossible to make by other 
means. Eliminates need for expensive tools or specialized 
skills. Ht. 47°, net wt. 200 Ibs. Write today for descriptive 


: ee etc. 





This is an aircraft engine gear 
custom-made by PERKINS 


PERKINS ALSO MAKES 
Helical Gears 

Bevel Gears 

Sprockets 

Ratchets 

Worm Gears . P 
Spiral Geers They—and their assistants—are the readers 
Spur Gears with ee « of this magazine. You can hire them by plac- 
shaved or ground teeth ing a “position vacant” advertisement where 
Ground Thread Worms ~hy they are sure to see it—in our classified sec- 


tion starting on page 451. 


Product 
Engineering 


To top this manpower market, just send in 
your advertisement before Mar. 16 directly 
to us at 330 W. 42nd St.. N Y. 36. N. Y. 
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Why Does 


the NEW Bendix ' 


‘Duomat 


_Soreng Components? 


another example of 
SORENG CUSTOM QUALITY 


AT LOWER PRODUCTION COST, 
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Obviously this ingenious Washer- 
Dryer requires many custom- 
designed components. Perhaps you 
say, “When you talk about cus- 
tom-built parts, you’re talking 
higher costs.”” Not if you talk to 
Soreng! 

That is why Bendix, and most 
other outstanding appliance manu- 
facturers, employ Soreng prod- 
ucts. They know from first hand 


Washer- Dryer Use 


experience that Soreng can supply 
custom quality electrical and elec- 
tronic components at “stock item” 
prices. 

Write for our “Data Folder” 
giving technical details on a broad 
range of products. Modifications 
of the products illustrated can be 
designed to meet your specific re- 
quirements. Please feel free to re- 
quest information or estimates. 


,; PRODUCTS CORPORATION 
9563 Sereng Ave., Schiller Park, ili. (Chicago Suburb) 


Plants: Schiller Park, ll. ° 


Fremont, Ohio ° 


Spring Valley, Hi. 








A Goshen specialty is grommet 
production—in a great range of 
sizes, shapes and compounds 

few or many from stock 
molds or custom-engineered. 
For prompt action, consult 
Goshen on your next grommet, 
rubber part or O-Ring problem. 


ac. 34 Si ee MAES ste 
Goshen, Indiana 

© Not unless you have Euclid’s new Expand- —— ae ee 

ohm" edgewound resistors. Their exclusive con- 

struction flexes and stretches with current surge 

and temperature rise. Yet never a sign cf break- 

age or shorting. That means you eliminate costly 

down-time and save replacements with E. E. 

resistors 


Plated metal parts resist corrosion. And their 
wide open construction eliminates overheating. 
The special alloy resistor ribbon maintains 
constant resistance through wide temperature 
change. Expansion and contraction of the frame 
will never damage the porcelain, thanks to 
Euclid’s exclusive expansion joint 


COMPRESSION - TORSION “J 


Choose “Expandohm’” resistors in capacities 


trom 1 to 75 amperes in lengths from 9 to 24 EXTENSION & SPECIAL 
inches in three-inch increments. Both clamp r } 
and brazed type terminals are available. Ask TYPE SPRINGS . 
your E. E. representative for more information METAL STAMPINGS & | 


or write direct to: 
WIRE FORMS 


EXPANDOWM RESISTORS SEND FOR SPECIFICATION SHEET 


FOR EASY ORDERING 


EE The Fuclid Electric & Mfg. Co. OWN EVANS’ SONS, INC. 


MADISON, OHIO 


506 NORTH 13th STREET 
PHILADELPHIA 23, PA. 
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WHAT ARE YOU LOOKING FOR IN GEARS? 


SMOOTH, ~ VIBRATION-FREE PERFORMANCE? 


A, 


FB-810 


Product Engineering 


—L 


“- 


- 


Ai 
‘i 
SS 


IWS LONG LIFE? 
rw om 


~. 
_ 


QUIET OPERATION? 


You get all of these in Farrel-Sykes 
gears — because they are ail the 
product of precision generation, 
plus high-grade materials, plus the 
herringbone design. 

Farrel-Sykes gears are made of 
the finest-grade materials available. 
They are generated by the famous 
Farrel-Sykes method — a process 
that assures extreme accuracy of 
tooth spacing, contour and helix 
angle. 

The herringbone design pro- 
vides evenly distributed pressure 


FARREL-BIRMINGHAM COMPANY, 


over each tooth, from tip to work- 
ing depth line. This means that 
there is no tendency for the con- 
tour of the teeth to wear unevenly 
and thus shorten the life of the 
gears. 

Wherever power transmission 
must be smooth, quiet, and vibra- 
tionless under all conditions of 
load and speed, specify Farrel-Sykes 
herringbone gears. Information 
and engineering assistance avail- 
able, without obligation. 


INC. 


ANSONIA, CONN.—Plants: Ansonia th Derby, Conn., Buffalo, M.Y. 


Sales Offices: Ansonia, Buffalo, New York, Boston, Pittsburgh, 
Akron, Detroit, Chicago, Aemphis, Minneapolis, Portland (Oregon), 
Los Angeles, Salt Lake City, Tulsa, Houston, New Orleans 


Farrel-Ctumingham 


March, 1953 


Farrel-Sykes herringbone 
gears are made in any size 
from %"’ to 20’ 0” diameter, 
for any power capacity and 
speed. Also available are 
straight tooth and single heli- 
cal gears in sizes up to 20 feet 
diameter, and large internal 
gears with either spur or heli- 
cal teeth. 





ee, ¢ ] F - enough to be rolled 


into a ball, or hard enough to be 
ground and chiseled. Felters Felt is 
used for jobs like padding delicate 
instruments and polishing glass. 





FELT 


by FELTERS 


— JUST THE WAY 
YOU NEED IT, 

IN ANY SHAPE, 
THICKNESS, COLOR 
OR CONSISTENCY. 


ee 
‘ 


( 
ds 











SOME OF MANY JOBS YOU CAN DP 
WITH FELT BY FELTERS 


SEALING oil in and keeping dirt out 
are jobs that Felters Felt is doing for 
manufacturers who use oil seals, gaskets, 
window liners, etc. 
VIBRATION isolation is one of the 
biggest uses for Felters Felt. Various grades are 
available to reduce transmitted vibration 
as much as 85%. 
CUTTING of Felters Felt is easy. 
Die-cutting, sciving, grinding, etc. are 
done quickly, without frayed edges. 
Or, we will cut parts to meet 
your specifications. 
The F € LT - ee _ 

Company 
228 South Street, Bosten 11, Mass. 





Dozens of ideas and 
technical data about 
Felt are given im this 16- 
page “Felters Design 
Book". To make the 
best use of the exclusive 
combination of proper- 
ties Felt provides, write 
for your copy of the 
“Felters Design Book”. 








A handy reference 
on formulas for... 


¢ STRESS 
¢ STRAIN 
¢ STRENGTH 
of materials 











ERE’S your ideal guidebuok on 

strength of materials. It con 
tains extensive tables of formulas and 
numerous illustrative examples . 
includes the results of intensive analyti- 
cal and experimental work . . . presente 
for your quick reference all the formu 
las for stress, strain, and strength use 
ful to the design-engineer. It alac 
brings you—step-by-step—the essential 
principles used in stress analysis, and 
provides you with fundamental data op 
the mechanical properties of materials 


Formulas for 
Stress and Strain 


By RAYMOND J. ROARK 
Protessow of Mechanics, University of Wtacomer 


366 pages, 6 x 9, 43 sllustrations 


SECOND EDITION, $5.50 
PRODUCT DEVELOPMENT SERIES 


This practical book takes you fron 
basic definitions through clear state 
ments of general principles, and right 
on to facts, figures and formulas for the 
calculation of stress and deflection. You 
get everything from the principles of 
superposition and least work to formu 
las for elastic stability of plates anc 
shells. 


Check the partial list of tables this 
guide puts at your fingertips: 


—for t beoms, circular ri and fiet plotes 
=~ oars variety of conditions of loading 
and support 

—fer curved beams and torsion members of various 
sections 


—for thin- and thick-walled pressure vessels 
—for rollers and other bodies under direct pressure 
—tor columns 


—for slender bors and thin plates in which foillere 
occurs through elastic instability. 


SEE IT10 DAYS—FREE 


eee | 
1 McGraw-Hill Book Co., ine., 330 W 42d St., N.¥.36 
Send me Roark’s FORMULAS FOR 
STRESS AND STRAIN for 18 days’ ex- 
amination on approval In 10 dave | qi)! 
remit $5.50, plus a few cents for delivery 
or return the book We pay for deiivery if 
you remit with this coupon; same return 
privilege. 


Company 
Position 
Beoks sent on approval in U. &. and Canada saty. 
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Honeywell controller 
regulates flow 
of cooling water 


As paint is ground in steel ball or pebble 
mills. ‘ onsiderable heat is developed. The 
resulting temperature Variations can 
change the efficiency of grinding —with 
corresponding effects on quality of paint. 

The control system which Western 
Paint and Varnish Co. of Duluth, Minn- 
esota. has worked out is simple but effec- 
tive. Water running through the cooling 
jacket around the grinding mill takes away 
the heat of grinding. But since the process 
continually produces more heat, less 
water is needed at the start than at the end 
of the run. 

A Honeywell remote bulb pro ortioning 
tvpe controller is installed with its bulb 
in the outlet water line. The controller 
regulates water flow, by means of a Modu- 
trol motorized valve in the incoming cold 
water line. 

Proportional control action keeps water 
temperature steady throughout the proc- 
ess. As the grinding heat increases, outlet 
water temperature starts to rise. The con- 
troller then calls for more water by 
directing the Vodutrol unit to open the 
valve further. The net result is that tem- 
perature never fluctuates more than a 
grinding conditions stay 
at the right values to produce consistently 
high production quality. 

The simplicity of this arrangement is 
typical of the ways that the more than 
7000 Honeywell control devices can be 
utilized in an endless variety of applica- 
tions. And these controllers are completely 
dependable; they're ruggedly built in 
every detail . . . and they're backed by 
Honeywell's nationwide service organiza- 
tion. 


few degrees . . 





Modutro! Motor 
a Honeyweil 
proportional 
type 











Control System {pplied to Ball Mill 


WOULD YOU LIKE TO RECEIVE 
“Industrial Control News’’? 


You'll find a wealth of ideas on how to 
use automatic control devices in /ndustrial 
Control News. If you're not already re- 
ceiving this informative magazine, just 
send your name, company, title and ad- 
dress to Minnearouts-Honeyweit Recu- 
LATOR Co., Industrial Division. Station 213. 


459 Wayne Ave., Philadelphia 44, Pa. 
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Paint grinding improved 
by Honeywell 
temperature controller 


Holding accurate temperatures in a paint grinding mill makes a 
big difference in quality of paint. But, as the Western Paint and 
Varnish Co. found, a simple Honeywell remote bulb temperature 
controller coupled with a matching Modutrol motorized valve can 
do this job economically—and with ample precision to assure top 
efficiency. 

Countless other plant operations and products can be improved 
... Simplified . . . made safer or more automatic . . . through the 
use of Honeywell devices for controlling temperature, pressure, 
liquid level, vacuum, and humidity. Our local engineering rep- 
resentative will be glad to discuss your applications in detail. Call 
him today . . . he is as near as your phone. 
MINNEAPOLIS-HONEYWELL REGULATOR CO., Industrial Division, 
1459 Wayne Ave., Philadelphia 44, Pa. 


@ REFERENCE DATA: Write for your copy of Catalog 8304, “industrial Controls.” 


iH) Honeywell 
Fit We Coitiols. 





ELECTRIC HEATING UNITS 


Vulcan Ring Heaters 


The same standard construction as 
Vulcan cartridge and strip heaters. 
Coil of highest grade resistance wire 
is supported in and insulated from 

sheath by refractories of 
proven quality 


Another Profitable Application of the “Circle B” ¥! eo Rasy a 
Synchronous Timing Motor in Electrical Equipment "J hot plates, pots, defrosters, 


The new 1953 Westinghouse 
Electric Clothes Dryer Con- P — 

veniently Croons “How Dry —e ’ 
| Am’ when Clothes Are dies, water heaters, 
Dry. A Bristol — B” etc. 

Motor met Westinghouse’s mae 
need for a pene na de- Rust-resisting sheath 
pendable high torque for temperatures to 
motor for intermittent duty, 750° F 

to power the Dryer’s music 
box. 





Stainless steel sheath for 
temperatures to 1200° F. 
6 standard sizes 
Special sizes available. 


VULCAN ELECTRIC COMPANY 


DANVERS 18, MASS. 
Electric Heating Units. Electric Soldering Tools. 
Electric Solder Pots and Glue Pots. Electric 
Bronding Irons. 








Bristol “Circle B’’ motors 
are available for 24, 110, 
or 220 volts, 50-60 cycles; 
rotation clockwise or 
counter-clockwise; wide 
range of standard and spe- 
cial output shofts 


FASTER ASSEMBLY ON 


...50 LOOK WHO'S TORQUE KING NOW yt Radio Cubes 


POWER — Standard models of the “Circle B’’ Motor af on ee -_ 
: . any © e@ country’s largest tube manufacturers 

now available range up to 16 In. OZ. torque con- use Souseleen ese Late yo thm Cement No. 1 
tinuous duty and 84 in. oz torque intermittent to cement ceramic insulation on tube mounts. Other leading 
. . 2 electrical concerns use Sauereisen Cements for sealing, em- 

duty at | r.p.m. bedding and insulating. They not only cut production costs but improve product 
quality. Send unassembled parts or drawings for help in selecting the right 


POSITION — This versatile timing motor is precision- ES Sr re annem INSA-LUTE 
built to operate perfectly in any position. No TRIAL ADHESIVE CEMENT NO. steeee $4.18 


. ° ° ° ; ° ti 
vibration or noise. Efficient Lubrication System. Casen Test under yout own conditions 


COMPACTNESS —The “Circle B” Motor is compact Sauereisen Cements. Company - Pittsburgh 15, Pa. 
—fits into a 2” circle, and is only 1 17/64” deep. 


SPEEDS — This motor is made in a wide range of CAAA TAAE A TADATAEAEAAR RONSON TEESE ATOS 
standard speeds —from 1/6 r.p.m. to 1800 r.p.m. 
Can be made on order for other speeds. 


, aad “I find it fascinating 
OUR expert engineering staff is available for the 


: 
ss 
development of special motors, or for application to and of tremendous value. 
special uses. We will welcome the opportunity to 
discuss and analyze your particular problem, either 
$ 
; 
i 


at our plant in Old Saybrook or i ffices. mee ar 
Write ong hes end ne veep nao sis denaiatin iia excellent book. | find it fascinating and of 


*“I should like to compliment you on this most 


MRCle tremendous value in keeping abreast of new 
designs.” 


(( Brisro. Motor Division Vice President 


\,. 1 VOCALINE COMPANY OF AMERICA, INC. Control Manufacturer 
S 82 Coulter St., Old Saybrook, Conn. 





DRAWER ER0000 000000 000000000000000000000000000000009 
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VERTICAL MATCHING ASSURES EQUAL POWER TRANSMISSION 


Durkee-Atwood’s new vertical V-belt matching machines elim- 
inate the “sag” error always present when V-belts are matched 
on horizontal matching equipment. Calibration of true running 
length assures equal power transmission from all belts on 
multiple belt drives. The machines also test for vibration and 
possible internal imperfections. 








DU PONT CORDURA® RAYON MULTIPLE CORD CONSTRUCTION 


High-tenacity Cordura® rayon cords give Durkee-Atwood 
Industrial V-Belts longer life, less stretch, and greater shock 
resistance. Use of this revolutionary new cord material is 
another one of the reasons why D-A Industrial V-Beits are 
guaranteed to satisfy on any drive. 





Trademark E. |. Du Pont De Nemours & Co., Wilmington, Del. 


STRAIGHT SIDEWALLS— FULL GROOVE CONTACT 








Durkee-Atwood V-Belts are manufactured with straight side- 


walls to maintain full groove contact at all times giving positive 
drive action. Straight sidewalls reduce slippage and assure 
smooth, efficient power transmission. The load is distributed 





evenly over the entire thickness of thé belt giving it longer life. 











FIELD-TESTED AND APPROVED 


Durkee-Atwood V-Belts are delivering the power for more 
nationally used products from steak tenderizers to rock crush- 
ers because more product designers have had occasion to check 
their quality in use. Durkee-Atwood gives extra attention to 
specific engineering needs as well as delivery requirements to 
make Durkee-Atwood an excellent source for your V-belt 
requirements. Conveniently located warehouse stocks and 
ample representation assures fast attention to your inquiry. 


New Warehouse Stocks « Chicago, Atlania, Clevelond, Jersey City D U R 4 E E 


WRITE DEPT. PE-3 TODAY FOR DISTRIBUTOR PROPOSAL 


DURKEE-ATWOOD CO. 


MINNEAPOLIS 13, MINNESOTA Form No. $41 
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COW moON COU SD WH — 


. Lapped Face 

. Drive Rib 

. Stake 

. Carbon Washer 
. Cone of Teflon 
. Retainer Shell 
. Spring Ferrule 
. Spiral Spring 
. Drive Button 


. Impeller Body 


*DuPont Trode-mork for tetraMuoroethylene resin 


The All-Purpose Seal 


For life-time performance in small pumps, hot water circulators and many other rotary shaft seal applications 


Temp. — 100° F. to +450° F. 


WATER -OILS-ACIDS 


PRESSURES 200 PSI 


ADVANTAGES «+ "JOHN CRANE” TYPE 19 CONE SEAL WITH TEFLON 


Cones of Teflon wili not deteriorate under 
—100° F. or + 450° F. 

- Cones of Teflon are not attacked by any acid. 

- Cones of Teflon seal tight on shaft and in carbon 
washer, low pressure or high pressure. 

-« Cones of Teflon stay put and have long life. 

-» Type 19 Sealing Unit (with Teflon) has all the 
requirements of a good seal: positive drive, axial 


and radial movement, free sliding flexible spring 
action to compensate for wear of carbon washer, 


ease of application and replacement, long life, 
compactness. 


Type 19 Sealing Unit (with Teflon) is a packaged 
seal, presently designed for small shafts %4, 3%, 
V4, 54, 34” dia. 

Type 19 Sealing Unit (with Teflon) is tooled for 
the high production field. It has a wide field of 
application. 


Type 19 Sealing Unit (with Teflon) can be man- 
ufactured at an economical price. 


9. Type 19 Sealing Unit (with Teflon) is manufactured in the 
“pressed -in”’ type where seal unit is held stationary. 


SPECIAL NOTE 


Tefion is the answer to the automotive and aircraft engineer’s specification for 
an extremely low and high temperature range. It is fast replacing rubber parts 
which have a tendency to harden, crack, soften, or otherwise fail. 


In the early stages of any seal application we might be helpful. For instance— 
the retallu:gy of a seal is important; you may have space limitations or you 
may lave r.p.m. probiems. These are only a few points. Drop us a lize. 


Crane Packing Company 


1845 Cuyler Avenue, Chicago 13, Illinois. 
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ANY RPM 











Caress REX Silke * i % 


Boks eae Te 
Ry 3 4 


The miracle motor for VARIABLE SPEED 


LIGHT WEIGHT — FOR RUGGED INDUSTRIAL DUTY 


NOW you can obtain a genuine U. S. Vari- 
drive Motor in fractional horsepower at low 
cost. You can get all the speeds you want 
instantly by dial control. There are 24 com- 

binations of speed ranges to choose from 
1 in ratios of 10 to 1. For thrifty plant opera- 
tors this light weight motor is packed with 


features and conveniences —a “one pack- 





i age” motor —compact, neat, light and as 


"= - rb) + durable as the most expensive design. 


4 to 10,000 r.p.m. 


~~ 


” 


7 
Jt. 





TYPE VE VARIDRIVE TYPE VEV-GD WITH SYNCROGEAR VARIDRIVE WITH DUAL BELTS 


Horizontal type. Take-off shaft can be positioned Combination type embodying Syncrogear, for For extra heavy duty in larger capacities, dual 


extra low syc2eds and high torque. Varidrive unit belts are provided. Explosion-proof types and 


left or right. All Varidrives embody asbestos- 
electrical or nt? chanical remote control also avail- 


protected windings, normalized castings, Lubri is mounted on Syncrogear, upright as shown 


flush bearings and centricast rotor bove, or can be set horizontally able in horizontal and upright models 


3:8. Slosrtaal Meter, te mo =6U.S. ELECTRICAL MOTORS, Inc. 


los Angeles 54, Calif. (Box 2058) or ‘ * 
Milferd, Conn "= PACIFIC PLANT: Box 2058, Los Angeles 54, Calif. ATLANTIC PLANT: Milford, Conn 


Send VA Varidrive Bulle 


: tla Ga.; Bokersfield, Calif ' 6, Mass.; Chicago 8 Cincinnati 16, Ohio; Cleveland 14 
NAMt , Oh Da 9. Texas: Detroit 2 b € 1, Calif.; Houston 4, Texas; Indianapolis 4, Iind.; Milwavkee 
COMPANY f 2 y Y.; Philadelphio 2, Pa.; Pittsburgh 2, Po.; San Franciscc 

Calif; Seottle sh. Sales and Service offices in all principal cities 





For Your Product Data... 


, ration 
yring corpe 


’ 
avenve Chicos? 


S  curey monvtart 


i» 
907-23 sou WPM 


More than a catalog, the new, revised Maurey V-Drive manual gives you 
a wealth of facts, figures and data on proper V-Drive selection. It is a prac- 
tical book for every man who plans, purchases or engineers V-Drives. It 
gives full buying information on Maurey Flexible Couplings, Interchange- 
able Bushings, Hi-Q V-Pulleys, Mor-Grip V-Belts and V-Link Belting . . . 
the complete Maurey V-Drive line. ]t is yours for the asking, without cost. 
Just tell us how many copies your organization needs. 


° 
MAUFey mervfecurins 
s 
corporation 
2915 South Wabash Avenue, Chicago 16, Illinois 
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MAIL THIS Yow / 
COUPON e 
Maurey Manufacturing Corporation 
2915 S. Wabash Ave., Chicago 16, Ill. 


Send —._copies of the Maurey Catalog F-10, 
without charge. 


Nome —— 
Company —_ 
Street 


ae 





TAKE A TIP FROM THE LEADERS 


In The Machinery Design aeuatey 
Install 


VIKING PUMPS 


The use of Viking Rotary 
Pumps by many of the lead- 
ers in the Machinery design 
field is your assurance of dependable, efficient pumping. 


Fig. 54 (2 to 3% gpm) 
Foot Type Unmounted Pump 


FOR THE JOB REQUIRING: 


Fast, self priming Pressures to 500 psi on sizes to 342 gpm 

Capacities 42 to 1050 gpm Pressures to 200 psi (Heavy-duty type) 

Smooth, even flow Handling all types of thick or thin liquids, 
there you will find Vikings specified and suc- 
cessfully used. 


Ask for felder 1803X for small pumps in capaci- 
ties to 18 gpm. Others also available on request. 





——. 


IN PUMPING 
AT ki Pump Company 
t Tite: Cedar Falls, lowa 





We thrive on 
tough gear problems 


More and more gear users rely on The 

Cincinnati Gear Company for their special 

gear needs, because they've found that we 

have the “know-how” to produce the right gears 

for their toughest requirements every time! And this 
“know-how” is backed up by the most modern pro- 
duction equipment, complete heat treating facilities, WORM 
one of the largest shave cutter stocks, electronic in- INTERNAL 
spection when required . . . everything our expert 
craftsmen need to produce top-quality custom gears 
consistently, economically. HELICAL 
HERRINGBONE 


*CONIFLEX BEVEL 
SPLINE SHAFT 


Precision 
Miter Gears 
for Aircraft 
Landing Gear 


SPUR 


SPIRAL BEVEL 


Filling different, unusual custom gear orders is an 
every-day occurrence for us. Whatever your custom 
gear requirements may be, we can fill them to your 
complete satisfaction. Write, wire, or call today for 


full information, *Reg. U.S. Pat. Off. 


NO SHORT 
CIRCUITS 


when you 
use e 


7 ~. 
1 * . 
» <> EthoLoc* 
By CABLE 
& ‘CLIPS 


Made of ETHYL CELLULOSE... 
A TOUGH, DURABLE PLASTIC 


)NOW... 
For Extra Strength 


iD’? WASHERS 
TO FIT OUR 
CABLE CLIPS 


Write for Sample and 
Full Information 


WECKESSER CO. ‘ae 


5265 N. AVONDALE AVE. + CHICAGO 30, ILL. 
West Coast Representative: 
5777 West Pico Blvd. ¢ Los Angeles 19, Calif. 




















“.. . Making a real 
contribution in this 


permanent record of the 
engineering science.” * 


*"I feel that you are making a real 
contribution in this permanent rec- 
ord of the engineering science. In 
this ANNUAL HANDBOOK OF 
PRODUCT DESIGN FOR 1953, en- 
gineers should bave on band for a 
period of time an easily available 
record covering many years of 
growth of engineering applications 


and science.” 


President 
Hydraulic Equipment 
Manufacturer 
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WHAT’S YOUR If you're building 


implements like these, 


PROBLEM? (eenepe 


BLOOD BROTHERS Universal 
Joints now used by leodiag 
Series TORQUE CAPACITIES 


Combines 3DR L16s at Tractor Speeds 
Corn Pickers 1FR 3DR 

Corn Snappers 1FR 3DR of 550 rpm. 
Cotton Pickers L6N Li6S 
Diskers & Seeders 1FR . Series Horsepower 
Dusters L6N 1FR 
Elevators K-1-C 1FR K-1-C 
Ensilage Blowers K-1-C L6N 

Feed Grinders L14N 35N K2R 
Forage Harvesters 35N L6S 
Grain Binders K-1-C 1FR ; 
Hammer Mills L14N 35N L6N 
Hay Balers 3DR L16S 

Hay Rakes L10S 1FR L10S 
L6N : 
Manure Spreaders L10S 1FR 1FR 
Mowers L6N L10S L14S 
iFR nts. 
Post Hole Diggers K-1-C 1FR 3DR 
Potato Diggers 1FR 3DR 

Rotary Weeders K-1-C K2R L16S 
Shredders L14N 35N : 
Shellers 1FR 3DR L14N 
Snow Plows 3DR 35N 35N 
L14N 
Sprayers 35N 3DR x od 

1FR ou can get joints alone or 
Swathers 1FR 3DR assembled with fixed or slip 
Tractors hy LON joint shafts... with or without 
L integral safety shi 

Wagon Unloaders K-1-C 1FR . fety shields, safety 
K2R 


Windrowers 1FR 3DR the popular, salable quick- 
detachable yokes. 























clutch, clamp yokes...or with 








Need specific information? Blood Brothers will promptly 
supply details on these joints — ot others suitable for construc- 
tion equipment, trucks and buses, industrial machinery and 
marine applications. Our engineering staff—backed by 43 
years’ experience — will gladly assist you. 


ee a Ow ED DO. SDP 


i—/ & 
. . PTO Slip ° . With Integral Quick 
With Safety Clutch 1FR Series Assembly L65 Series Safety Shields Detachable 


~, 
+. 


i BLOOD BROTHERS machine co. ALLEGAN, MICHIGAN 


Sz, UNIVERSAL JOINTS AND DRIVE LINE ASSEMBLIES - 
° Chicago Office: 122 S. Michigan 


——_—_—_— 
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LET THESE MOTORS 
DO YOUR DIRTY WORK 


gem ig 
J 


SMITHway totally enclosed 
fan-cooled motor—a frame 
within a frame and both are 
cast iron. Efficient, high-ca- 
pacity, double-locked fan 
forces air through self-clean- 
ing ducts. Heat is dissipated— 
dirt, dust and corrosive vapors 
can't get into the sealed motor. 


SMITHway totally enclosed 
non-ventilated motor. Stand- 
ard NEMA frames. Cast iron 
construction of all exposed 
parts keeps these motors, by 
the thousands, on the job re- 
gardless of dust, dirt and cor- 
rosive conditions. Available in 
ratings from 1 to 5 HP. 


SMITHway STREET, LOS ANGELES 22, CALIFORNIA + 1008 WEBSTER STREET, BAYTON 4, OHIO 





Cast iron construction is one of the 
many outstanding features which 
makes these motors superior under 
service conditions involving dirt, 
dust and corrosion. Cast iron frame, 
cast iron end bells—the complete 
enclosure is cast iron —all exposed 
parts are cast iron. Ideal for petro- 
leum, chemical and other rugged 
industrial applications. 


SMITHway totally enclosed fan- 
cooled motors are built to standard 
NEMA frames to meet the highest 
standards of electrical performance. 
TEFC motors are built in sizes from 
5 to 125 HP. Parts and service avail- 
able throughout U.S.A. Get com- 
plete information from nearest office 
or write today. 


Offices in Principal Cities. International Division, Milwaukee 1. 








SELECTING 
ORGANIC COATINGS 
FOR METAL PRODUCTS 


3 pages 1/5 cents a copy 


This Special Editorial Re- 
port is the latest in the series 
of full-color articles covering 
productimprovement through 
better surface appearance 
and protection. It covers the 
latest data on the types of 
finishes . . . the advantages 
and disadvantages of natural 
and synthetic bases .. . the 
basis of finish selection . . . 
and long range trends in 
organic coatings. 


Copies of earlier reports in 
this series are also available. 


FINISHES FOR ALUMINUM PRODUCTS 


8 pages—20 cents a copy 


HOW TO PLAN PRODUCT COLORS 


8 pages—20 cents a copy 


PORCELAIN ENAMEL COATINGS 


8 pages—20 cents a copy 


TEXTURED ORGANIC COATINGS 


8 pages—25 cents a cepy 


ELECTROLYTIC 
AND CHEMICAL COATINGS 


8 pages—25 cents a copy 


IDENTIFYING YOUR PRODUCT 


8 pages—25 cents a copy 


WHICH COATING FOR GRAY IRON 


8 pages—25 cents a copy 


READER SERVICE DEPARTMENT 





Product 
Engineering 


McGraw-Hill Building 
New York 36, N. Y. 
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REUSABLE COUPLING FOR TYPE QW HOSE 


for original equipment and fast field-repair 
— medium- and low-pressure service 


Prevents leaks and blow-offs — exclusive patented grip gives extra 
safety, extra dependability, long life under severe service conditions. 


fo \ . 
Y ‘ () 9 REVOLUTIONARY 
; hy ANCHOR 
Easy to assemble — vise, oilcan, and wrench are the only tools needed rT abenie ici mae 1. 
to assemble couplings and hose, Positive leakproof connection without 


threaded joints. Bolt centers are locoted 


Reduces hose assembly inventory — carry one coil in hoze sizes you to distribute the forces evenly and 
‘ ’ prevent tilting of the clamp halves. 
use, and cut to lengths you need when you need them, See te escomble wth email 


avtomotive-type wrench. 


Expensive downtime eliminated — repairs made immediately on the 
job without special tools, 


Can be used over and over, 


mple fi city. 
Ample flow capacity nae 
Find out how Anchor reusable couplings for 
type OW hose save time, trouble, money. Attach 


coupon to your letterbead and mail today. 


Anchor Coupling Co. Inc. 
Dept. PE33, Libertyville, Ilinois 
I'd like to know more obout 
Anchor Reusable Couplings for type QW hose 
New Anchor Split-flange clamp-type coupling 
Send me details. 


Name 


ANCHOR COUPLING CO. INC. & 


Main Office and Factory: LIBERTYVILLE, ILLINOIS 
FACTORY BRANCHES: DETROIT, MICHIGAN © DALLAS, TEXAS 


Company Name 


Company Address 


City { ) State 
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15 to 10,000 PSI @ 


Wherever a Vacuum or Pressure 
change must initiate electrical 
action there is a Meletron or 
Barksdale Pressure Switch 

to perform that function. 


They protect costly equipment 
They provide priceless safety 
They assure process control. 


They operate in any position, 
are not affected by vibration, 


have extreme repetitive accuracy. 


For complete technical information see 
our catalog in Sweet's 1953 File for 
Product Designers and in the Plant 
Engineer's File, or write for catalog 


2M-S. 


Cb.AGREGDEDAGE: 


‘YALVES 


For Cushioning and 


vibration control, to seal * 


out dust, to dampen 
noise and absorb shock 


You'll find DUTCH BRAND Sponge Rubber fresh 
and alive and excellent for a wide variety of 
manufacturing uses. It is available in natural rub- 
ber and neoprene. . . a type to meet most needs. 
DUTCH BRAND Sponge Rubber is used for packing, 
to cushion vibration, to absorb shock, as a sound- 
deadener, as a gasket and other similar uses. 


For the convenience of manufacturers, DUTCH 
BRAND Sponge Rubber is now made available 
to industrial distributors, on a stocking basis. 


DENSITIES 
ASTM SPECIFICATIONS 
Natural Rubber No. D1056-51T 

No. 3832 Soft Density RNI1 

No. 4022 Medium Density RN12 

No. 4030 Firm Density RN13 

No. 4031 Hard Density RN14 
Neoprene 





No. 3394 Medium Density $ci4 
COLORS 





1. Brown 2. Gray 3. Red 4. Green 
5. Other colors available where quantities warrant 


THICKNESSES 


SIZES 


Rolls, sheets, strips with or without 


% 
* 
¥ 
* 
x 
e 


& 
* 
t 
No. 3399 Soft Density scl i 
s 
a 
a 


% a 
7 1/8 inch to 1 inch inclusive e 
% ’ 
» e 


A adhesive . . . die cut pieces. 
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a new advancement in moisture- 


Luxolene Green molded coils have been engineered especially for applications 
involving intense moisture conditions, such as in refrigeration, air conditioning, 
water pumping, etc. . . . also for explosion proof applications. 

Field tests of production coils have proven more than satisfactory. 

The cost of Luxolene Green encased coils is nominal. Send for complete infor- 
mation. 


(NOTE: Deluxe Coils, Inc., manufactures coils only--no complete 
transformers, relays, solenoids, etc.) 


ENGINEERING DATA 


COIL CONSTRUCTION: Random, paper layer or precision wound, 
Excellent { Lead Wires 105°C Polyvinylchloride U.L. approved 


Bond | Molding Compound—Luxolene Green Resin 


ONE 
Core Tube—Luxolene Green Resin } Romocenous 
MASS 


Operating Temperatures: 
Continuous 4. 250°F 
intermittent, 4 hrs. + 300°F 
Intermittent, | hr. + 400°F 
Properties of Luxolene Green Resin: 
Tensile strength 10,900 pS! 
Water absorption less than 1/10 of 1% after 24 hours 
immersion. 
Therma! coefficient of 
expansion . 6x 10 
Thermal conductance .... 4.9 x 10" 
Volume resistivity megohms CMS 10’ 
Dielectric strength . 400 volts, | mil 
Arc resistance eee 8S 
Dielectric constan? ...... 10° cycles 3.90 
10" cycles 2.99 
Loss factor 10" cycles 0113 
10°° cycles 0252 
Solubility . . Attacked by concentrated sulphuric 
acid, but is resistant to concentrated 
hydrochloric acid. Trichlorethylene, 
ethylacetate and acetone will attack 
but not dissolve Luxolene. 
Adhesion penned Very strong to metal. Makes excellent 
bond with 105°C Polyvinyichloride 
lead wires 


LUXOLENE CERTIFICATION 
EVERY SHIFMENT COVERED BY THIS CERTIFICATION: 


——— LUXOLENE CERTIFICATION 
Serial No. 0000 
“We hereby certify that the coils covered by packing slip 
° 


have been immersed in water at 
room temperature for 24 hours. After immersion, with 510 
volts D.C. applied, the leakage resistance through water tu 
pone has been measured by standard procedures and 
ound to be not less than 200 megohms 








DELUXE COILS, INC., 1306 First St., Wabash Ind. 
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Highly significant to all industries—doubly so to 

the automotive industry —are the unique applications of 
Plaskon Alkyd by PRP which are pictured here. The 
resulting distributor cap and rotor parts represent the 
first such use of this talentedanolding compound in a 
field long limited to phenolics. Advantages gained 

by its outstanding dimensional stability and 
remarkable arc-resistance are self-evident. 


Credit Holley Carburetor Company—ever alert for 

ways to improve product performance and value—for 
pioneering this newest application of versatile Plaskon 
Alkyd. PRP mass-produces these pieces on specialized 
high-speed presses, maintaining extremely close 
tolerances .. . and exceptionally low costs. Our 
plane is ready now to speed you here for a 
review of our facilities and abilities to 

satisfy your specific requirements. 


when you look for plastic moldings, 
look first to 
lastic Research Products, 


Urbana, Ohio 


Curtis Sets 
Standards 


The meticulous standards 
set by Curtis, in selection, 
heat treating, strength, ac- 
curacy, tolerance, concen- 
tricity and smoothness, sur- 
pass the Class I specifica- 
tions of the U.S.A.F. 


As a result, Curtis stand- 
ards and Curtis Univer- 
sal Joints are accepted 
and used by every branch 
of the Armed Services. 


ONLY CURTIS OFFERS ALL 
THESE ADVANTAGES 


Availability — 14 sizes always 
in stock; bored or unbored hubs 
6” hub diameter joints or special 
machining to specifications 
Simplicity —fewer parts, simpler 
construction 

Government Tests — complete 
equipment for government tests 
in our plant. 


Not sold through distributors; 
write direct for free engineer- 
ing date and price list. 


~ CURTIS 


| UNIVERSAL JOINT CO., INC. 


11 BIRNIE AVENUE 
SPRINGFIELD, MASS. 


As near to you as your telephone 


A MANUFACTURER OF 


UNIVERSAL JOINTS SINCE 1919 
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For flexible ‘‘elbows” 


hangs by its “albows’”’ —rotor assemblies that 


control the maneuvers of 


its H-21 Helicopter—Piasecki 
Straight up, straight down, forwards, backwards, or just hovering— 
the Piasecki ““Work Horse” Helicopter’s peculiar flying 

maneuverability rests in its rotor assemblies. It is these flexible precision production 
“elbows” that adjust the pitch of the ‘copter’s great blades. 


looks to Lycoming’s 


Fach unit involves more than 625 separate parts. To machine anc 
Eacl t | than 62 t ts. 1 | ind 


assemble them, Piasecki depends on Lycoming for precision production, 


Lycoming stands ready to assist you whether you have a metal 
product that needs speedy precision or volume fabrication—or 
“just an idea” in the rough or blueprint stage. Long famous for its 
metal-working skill, Lycoming continues to meet the most exacting 


requirements in a wide diversity of fields, both industrial 











and military. Whatever your problem—look to Lycoming! 


More than 6,000 machine tools, a wealth of creative 
engineering ability and 2'% million feet of floor space 


stand ready to serve your needs. 





Lycoming-Spencer Division 
AVCO Manvfacturing Corp. 
652 Oliver Street 


: TRI . ' " sane 
AIR-COOLED ENGINES FOR AIRCRAFT AND INDUSTRIAL USES PRECISION-AND Williamsport, Pa. 


VOLUME MACHINE PARTS « GRAY-IRON CASTINGS + STEEL-PLATE FABRICATION 


Yo SEARCH 
lycom NG: ane suena 
AQ) mare 


Please send me further information on 
Lycoming’s varied abilities and faciliti 


Name___ 





Firm 





Address 





eee eee ew eee eee eee eee==4 


City 


eee eee 


: 
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PARTS on 
Remote Control 
Applications 
USE 2 2 « 
S.S.WHITE FLEXIBLE SHAFTS 


Just compare the simplicity of the flexible shaft control 
shown above, with the combination of rods, bevel gears 
and bearings that would otherwise have to be used. The 
savings in parts is obvious. What's more, the flexible shaft 
is less complicated, needs no alignment, is easier to install 
and gives you more freedom in mounting the coupled 
parts where desired to provide better and more convenient 
operation. 


Design simplification and parts reduction are important 
advantages you gain by using S.S.White flexible shafts 
on your remote control applications. In fact, these simple, 
one-piece mechanical elements are just about the simplest, 
most economical way there is of providing a smooth, 
responsive control linkage between two parts. 

Our engineers will be glad to cooperate with you in select- 
ing and applying flexible shafts to your needs. Take advan- 
tage of their help—it entails no obligation and can save you 
plenty of valuable time and trouble. 


SEND FOR THIS 256-PAGE FLEXIBLE SHAFT HANDBOOK | 


It bas full details on flexible shaft selection and 
application. A copy will be sent if you request it 
om your business letterhead. 





@ 
THE INDUSTRIAL BDiViSion 


DENTAL MFG. CO. Dept.D, 10 East 40th St. 
NEW YORK 16, N. ¥. 





Western District Office * Times Building, Long Beach, California 
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McGRAW-HILL 


TECHNICAL WRITING 
SERVICE 


Writing 


Whether you need an instruction 
book or service manual to accompany 
your equipment written to govern- 
ment specifications . . . or product 
catalogs . . . or training booklets . . . 
or industrial literature . . . our writ- 
ing staff can do the job for you. It 
will do the research, planning, writ- 
ing, and organizing to satisfy your 
requirements. 


Mlustrating 


For government publications or in- 
dustrial literature, our Art depart- 
ment can meet your specifications, or 
those of the government agency, for 
isometrics, exploded views, cutaway 
views, retouched halftone copy, ren- 
dering, lettering, or any other type 
of art work. It can design to stand- 
ardized format or present industrial 
visuals of compelling appeal. 


diting 


The editors of our staff are thor- 
oughly familiar with government pub- 
lication specifications. In addition to 
being technical editors, they are also 
experienced in rewriting and organ- 
izing rough manuscript, or in revising 
published material. Many have taught 
or have been trained in teaching and 
are, therefore, able to recommend or 
inject proper pedagogical presenta- 
tion of material. 


Prin ting 


Our printing, binding, and paper re- 
sources are among the best in the 
country. Every type of reproduction 
is available . . . offset, letterpress, 
multigraph, or even mimeograph. We 
can handle a complete printing job 
or, in the case of offset, furnish repro 
ome when other facilities must be 
used. 


Save money and time . . . let our staff 
be your staff for technical publications. 
Write for our brochure or ask our rep- 
resentative to call. 


Technical Writing Service 


McGRAW-HILL BOOK CQ., INC. 


330 West 42 Street 
New York 36, N. Y. 


Tel. Telet 
LOngacre 4-3000 NY 11037 
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now! relay veteran hermetically sealed 
. * * 
in sub-miniature enclosure 





When space, weight and atmospheric conditions are deter- 
mining factors in relay selection, specify the popular Class “S” 
relay in this new Automatic Electric sub-miniature hermetic 
enclosure. 

This bantam-sized, feather-weight relay is now available 
in this new small housing (approximately 3 cu. in.)— 
hermetically sealed in an inert atmosphere of dry nitrogen 


AUTOMATIC ELECTRIC sub-miniature relay It has proved itself in aircraft and similar applications—and 


@ Developed especially for aircraft service 


@ Designed to meet or better all provisions of 
MIL-R-6106 


@ Dependable contact operation under vibration 


is specified wherever extremes of shock, temperature and 
vibration require exceptional performance. 


If your planning calls for a small, light, atmosphere- 





up to 10.5 G's 
Specifications 


Contact Arrangements—2 Form “C’’ (DPDT) or equiva- 
lent 

Operating Voltage—up to 115 volts, d.c. only 

Operating Time—range 0.002-0.016 seconds 

Release Time—range 0.005-.085 seconds . 

Contacts—Normally twin, Code 0-20 ga. WI carry up 

to 135 watts (maximum 2 amperes) inductive or non- 

inductive load. Makes or breaks 50 watts (maximum 

¥% ampere) inductive load, or 135 watts (maximum 1 

ampere) non-inductive load. 
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AUTOMATIC : 


protected and tamper-proof relay of recognized ability, 
minimum inductance and maximum make-and-break speeds 
—specify this outstanding new member of Automatic Elec- 
tric’s hermetically sealed relay group. For descriptive bulletin, 
write: Automatic Electric Sales Corporation, 1033 West 
Van .Buren St., Chicago 7, Illinois. In Canada: Automatic 
Electric (Canada) Ltd., Toronto. Offices in principal cities. 


RELAYS 


PRODUCTS OF THE 


SWITCHES 


INDUSTRIAL OLPART MENT OF 


oS ELECTRIC 
RY ELECTRIL 


CHICAGO 





Ilustrated: Model BP, single pole, double-throw, 


SA 25 V. A.C 


The most practical and econom- 
ical solution to difficult switching 
problems ever devised 


TYNISWITCH. 


Like no other snap switch 


made. this compact, low cost, 
snap-action unit’ permits high 
load switching in a minimum 
amount of space. It eliminates 
the need for costly, non-function- 
al bulk in new or redesigned prod- 
ucts. Its high force-to-inertia- 
ratio spring blade inhibits me- 
chanical resonance assures 
smooth, high-speed operation 
with positive, bounceless closure. 
And as for dependability—con- 
laboratory tests have 
proven that TYNISWITCH is 


consistently reliable at high oper- 


clusive 


ating speeds ... for over millions 


of cy cles! 


Overall length, 1%" 


Consider these important de- 
sign and production advantages 
now. New TYNISWITCH 
models can be developed to fit 
your exact switching speeds and 
specifications—or you can select 
conventional circuit arrange- 
ments from a variety of standard 
units. Write for complete details. 
TYNISWITCH 
Sessions Clock Company, 101 
Least Main St., Forestville, Conn. 


Division, The 








Rout the 
dollar losses 


hiding behind poor cost control 


Try the new conversion-cost method 
of finding and plugging leaks 


There is only one realistic way to control cost and thu 
seep profits from sifting away, says this famous industrial 
engineer. He brings a thoroughly unique approach to the 
problem of cost, pricing, and profit in manufacturing 
Since manufacturing is conversion of the material to tl 
product, that is the cost that must be reckoned—the tota 
onversion cost In this book he fully explains the 
approach and describes the methods through which ¢t 
plug cost leaks . know how to price each line ar 
develop effective methods of cutting costs and ! 
tuction 


Just Published! 


HOW TO CONTROL 
PRODUCTION COSTS 
By Phil Carroll 


} 


i ‘Ma 


How to Chart Timestudy Data 
264 pages, 6 x 9, 76 illustrations, $5.00 


This practical book is written for immediate in-the-plant 
se. Besides thoroughly explaining the total-conversion 
cost method of control, it gives you every tool for putting 
that method to work immediately 

You start by throwing out old and unreliable systems 
budgets that are unrealistic or overhead ratios that ar: 
more a drag than a guide 

Then you are shown how to set up the new conversion 
cost system, by first setting up a realistic overhead— based 
m standard time—and finding standard material cos 
Thus you can plot your expenses, find your variance 
and price your products “right.” 

The action you must take to make this new system real! 
effective is clearly outlined for you in the book. You'l 
see here how to make accurate sales forecasts contr 
production within accepted variances get engines 
to specify set up effective employee incentive 

lear, prompt reports 


Packed with techniques to 
help you set up the new method 


set up charts for plotting a curve of expenses 
There's only one sound way t | thi says t 
engineer-manager, and he tells you lh to draw 
curve, how to adjust the curve, how t ead the cu 
find your standard material costs, ani! 
out the variances from . 
leaks in cost control the variar 
attention to them and act on ther 
a “‘special line’’ is makir 
s you hidden «¢ 


these 


Show 


‘ ise a basic rule to determine how much stock 5 
heould carry 
» know which kind of employee incentives— profit 
~onuses, individual incentives—really work in 
out more production 


r—-SEE THE BOOK TEN DAYS FREE-~~4 
McGraw-Hill Buok Co., 330 W.42 St., NYC 36 / 


Send me Carroll's HOW TO CONTROL PRODUC- 
TION COSTS for ten * examination 

proval. At the e 
plus few cents t 
paid (We r delivery if you remit with this 
oupon; same return privilege 

(Print 

Name 


| 

| 

| 

| 
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| 

| \ddress 
pci 
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Thia offer applies ta 1. 8. only 
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fe RACINE a 


ALL COMPONENTS 
FOR ANY HYDRAULIC CIRCUIT 


They work berrer regether 


WRITE FOR NEW CATALOG AND 
NAME OF NEAREST FIELD OFFICE. 


Complete Engineering Service 
Available without charge. Address: 


RACINE HYDRAULICS & MACHINERY, INC. 
2072 ALBERT ST., RACINE, WISCONSIN, U.S.A. 


























RACINE HYDRAULICS & MACHINERY, INC. RACINE, WISCONSIN 
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Used to control two heating 
circuits, or to operate a mo- 
tor when such operation is 
required in combination 
with a heater or commercial 
laundry dryer, etc. where it 
shuts off current to heating 
element and turns on signal 
light. 


When thermostat calls for 
heat, high heat element au- 
tomatically cuts in and 
holds until set temperature 
is reached. Main contacts 
are then broken automati- 
cally and low, or holding, 
element is cut in to function 
until drop in temperature 
again calls for heat. Maxi- 
mum temperature range 
550°F. Write for full infor- 


mation. 


Kobertshaw° move F-] 


Single Pole, Double Throw 


THERMOSTAT DIVISION 


ROBERTSHAW-FULTON CONTROLS COMPANY * YOUNGWOOD, PENNSYLVANIA 
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| Bendix - Skinner 


ORIGINATOR OF MICRONIC FILTRATION 


. (CAC ANC LA e : 
. 
air vent filters 
= IN SIZES FOR 
EVERY APPLICATION 


This compact, new ribbon 
element filter is available 
for the first time in three 
sizes—%e", 2”, %” pipe 
thread, thus meeting the needs of every application. 


Positive Controlled Filtration. The specially designed 
element offers greater efficiency than any air vent filter on 
the market—approximately 40 micron filtration (.0016”%. 


Lasts as Long as the Equipment. Although it costs 
little more than a quart of oil, this ingenious filter will 
never wear out. . . and is easily cleaned. 


Hundreds of Uses. The new Bendix-Skinner Air Vent 
Filter has literally hundreds of applications. For example, 
hydraulic systems . . . air compres- 
sor intake... carburetor intake for 
small gasoline engines . . . crank- 
pneumatic 
. fuel tank breather 


case ventilation . . . 

cylinders . . 
. Pneumatic instruments .. . 

immersion or sump filter. 


* 


@ bin’ 


Disc-type Ribbon-type Pleated-type 


SKINNER PURIFIERS DIVISION OF ~ 
AA3 


N 


1503 TROMBLY AVENUE 
DETROIT 11, MICHIGAN 


Export Sales: Bendix Inter 
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Perfected at Last! 


ALUMINUM-ON-STEEL SLEEVE BEARINGS 


JOHNSON BRONZE 
PRODUCES ALL TYPES 
OF SLEEVE 
BEARINGS 


BRONZE-ON-STEEL 
copper lead 


STEEL BACK 
babbitt lined 


BRONZE BACK 
babbitt lined 
CAST BRONZE 
plain or graphited 
SHEET BRONZE 
plain or graphited 
ALUMINUM ALLOY 


LEDALOYL 
powder metallurgy 


A re you one of the engineers who have 
been searching for a bearing metal with higher strength, 
higher load capacity and resistance to high engine tem- 
peratures? Improvements in machine design to reduce 
unit cost or improve efficiency often require greater 
loads on the bearings. Now you may design to use 
sleeve bearings with properties never available before. 


These roll-bonded Aluminum-on-Steel Bearings may 
be used for loads up to 4000 P.S.I., yet have good 
conformability, good resistance to shaft wear, good 
resistance to corrosion, adequate seizure resistance and 
good resistance to fatigue. Tests prove that the bond 
to the steel back is as strong as the metal itself. These 
properties make Johnson Aluminum-on-Steel Bearings 
new high-load, high-speed bearings with a great future 
for high-load internal combustion engines. Write for 
full information. 


JOHNSON BRONZE COMPANY 
508 South Mill Street e New Castle, Pennsylvania 





Sleeve Bearing 
Headquarters 
Since 1901 


JOHNSON ,)°/BEARINGS 
vE- pe 
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RESULT STORIES THAT RING THE BELL! 
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glass decorator ups capacity 
20%, cuts handling 25% 


spring producer boosts output 
350%, saves 30% floor space 


AVAYAY 


cotton processor licks costly 
fire problem 


aVavaval 


fish packer cuts handling 


canna 


coal producer speeds 
drying cycle KC \ 
aVaVaVaVa¥ a 


Cambridge Wire Mesh Conveyor —_—, 


have helped produce these cost-saving results in plant after plant 
across the nation. 


Wouldn’t it be a good idea for you to investigate how these 
amazingly versatile conveyor belts can combine movement with 
processing in the equipment you are building? 


They can be used at temperatures ranging from sub-freezing for 
food packers, to as high as 2100° F. for heat treating. They can be 
used in corrosive solutions such as pickling acids or in ordinary 
water if your product must be washed during processing. Open 
mesh of the belt allows free circulation of process atmospheres, 
free drainage of process solutions. All-metal construction means 
long life and low maintenance. They’re available in any metal or 
alloy, mesh or weave, length or width. 

Best of all, Cambridge has a solidly experienced Field Engineering staff at 


your service. Look under "Belting-Mechanical” in your classified telephone 
book for the man nearest you. Call him in at any time. 





FREE, FOR YOUR OWN STUDY 

NEW, 140 page Cambridge Belt 
Catalog illustrates and describes 
wire mesh belt specifications, gives 
conveyor design sketches and 
metallurgical data. It’s must-read 
ing for economy minded designers’ 
Write for yours' 


The Cambridge Wire Cloth Co. 


Department P 
+ CQNVEYOR+++ = METAL Cambridge 3, 
BELTS ||} FABRICATIONS Maryland 
PRINCIPAL INDUSTRIAL CITIES 


Incidentally, we'll be glad to send 
you details on any of the result 
stories described in the heading 
of this advertisement. 


ae a)" 


OFFICES IN 








METAL +—++4 sPECIALK 
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WANT MORE 


INFORMATION 


about 


PARTS 
MATERIALS 
SUB-ASSEMBLIES 


or 


FINISHES 2 


Chances are you will always 
find in Product Engineer- 
ing’s “New Catalogs and 
Bulletins”’ insert several 
listings offering literature 
which will supplement the 
articles and advertisements 
which are of greatest inter- 


est to you. 


So, each month, be sure to 
check through the “New 
Catalogs and Bulletins” 
and send us your requests. 
Without cost to you, we'll 
see to it that the manufac- 
turers concerned receive 


your requests promptly. 


Product 
Engineering 


330 W. 42Nnp STREET 
New York 36, N. Y. 
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horizons unlimited 


Inhibitions must be stifled if creative development is to have full 
freedom of expression. Only with a young, imaginative, 

“of course it can be done” attitude are the 

great advances of this modern era accomplished. 


LAV 


has earned its place among the leaders in precision instrumentation 
on the record of its virile development and production staffs. 
Throughout its cumulative years of accomplishment, Ketay has confined 
its efforts to the development, engineering, and production of new 
types of electro-mechanical and electronic equipment. 
Today, industrial and government orders almost fill the Ketay 
plants on both coasts. Currently in production is the miniaturized 
highly precise Ketay Resolver—a type which opens new A 
horizons in automatic control operations. Ketay de- a 
velopments are geared to performance above and =i 


ge ° ° RESOLVER 
beyond present military standards— which, in turn, Pinang nae 


re come ute Or” 


were set by earlier Ketay product capabilities. 


SYNCHROS “= SERVOS 
RESOLVERS MAGNETIC AMPLIFIERS 
AUTOMATIC CONTROL SYSTEMS 
ELECTRONIC EQUIPMENT 


Tomorrow, and for many tomorrows to come, 
Ketay is dedicated to a relentless search for new ways 
to solve the electronic problems of American Industry. 


elay MANUFACTURING CORP. 


New York, N.Y. Hawthorne, Cal. 


Executive offices: 555 Broodwoy, New York 12, N.Y 


DESIGN 
DEVELOPMENT 
YEA ee Lie Of precision instruments 
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Why TAP-LOK’ INSERTS 
have the edge on other 
threaded bushings 





The cutting edges on the slotted segments of 
Tap-Lok Inserts make all the difference in 
the world. They eliminate one time-consuming 
task — the separate tapping operation. That 
represents a substantial saving in assembly. 


The Tap-Lok Insert is a bushing that is threaded 
externally to tap its way into a drilled or cored 
hole equal in size to a tap drill hole that will 
accommodate the external thread. The Insert is 
also threaded internally to receive the male 
threaded member. 


The Tap-Lok Insert withstands vibration with- 
out loosening and has maximum torque-and-pull 
resistance. It is not subject to the time-wasting 
failures of cast and molded inserts. 


Tap-Lok Inserts are used in large volume as 
original equipment on regular production line 
assembly. In addition, they save many man- 
hours in salvage work for repairing stripped 
threads. They are easily inserted with a simple 
driving tool as shown in the drawings to the left. 


Send for descriptive folder. 


Also manufacturers of Groov-Pins 
for positive 'ocking press fit 


scam GROOV-PIN CORPORATIO 


*Reg. U.S. Pat. Off. 
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1121 Hendricks Cavseway Ridgefield, New Jersey 








For low-cost performance of 


INDUSTRIAL RUBBER 
PRODUCTS 


. +. use these prac- 
tical application and 
maintenance aids 








Here's a handy reference that 

gives you a thorough analysis 

of the engineering, design, ap- 

Plication, and maintenance prineiples you must 
take into account when working with rubber in 
industry. Whether you're an engineer—de- 
signer—shop superintendent—industrial tech- 
niclan—no matter what yeur link with the 
rubber field . . . you'll find this concise 
treatment of the physica! and chemical proper- 


Tg rubber compounds a handy and practica! 
guide. 


ENGINEERING 


WITH RUBBER 


Edited by Walter E. Burton 


In collaboration with engineers and research men 
of the B. F. Goodrich Company 


461 pages, 445 illustrations, $8.00 


‘oe reference book gives you the 
, practical engineering, applica- 
tion, maintenance and design principles 
of molded, extruded and lathe-cut rub- 
ber, hose, —— belting, and scores 
of other rubber parts used by industry. 
It illustrates uses for American-made 
rubbers, crude and reclaimed rubbers 
and rubber-like materials ... presents 
a complete picture of the physical and 
chemical properties of rubber com- 
pounds, the ical dimensions and 
structural details of industrial rubber 
produets. 


This guide shows you how to re- 


duce vibrations with rubber mountings 


—how to determine when extruded 
rubber parts can be used—how to use 
packing and sheet rubber, etc. Its 


| tremendous store of useful information 
| is ready to help you find the right 
| answers, the first time, to your s al- 

ized design and construction problems. 


| Stage-by-stage procedures show you how: 
| @ to select and use rub- © to design and install 


ber adhesives conveyor belt sys- 


latex parts can im . 
®@ to work and use hard 
prove product design pe a 


to engineer and in- 
stall V-belt drives specity 


to select rubber 


linings to withstand 
chemical action 


SEE IT 10 DAYS’ FREE 





McGraw-Hill Book Co., Inc., 330 W. 42 St., NYC 36 
Send me a copy of Burton's ENGINEERING 
WITH RUBBER for 10 cays’ examination on ap 
proval. In 10-days I will remit $8.00, plus tew 
sents delivery charges, or return book postpaid.* 


FrE.-3-53 


*SAVE! We pay mailing costs if you send cash 
with this coupon. Same return privilege. 











Product Engineering — March, 1953 



























































wy, 


They heated the “Outdoors”...in the 90’s 


A skyline of chimney pots was a striking sight in the 


1890's... and a sign of heating inefficiency. 


Compare the fireplaces and stoves of that day with 
modern central heating plants. Today’s furnaces are 
marvels of efficiency in converting gas, oil and coal 


into clean, even heat that reaches every room. 


Ever since 1908, when a furnace blower powered by 


an Emerson-Electric motor was introduced, we have 


MODERN LIVING ts POWERED with ELECTRIC 





Write for these 
Emerson-Electric 


Manufacturers requiring motors 1/20 
to 5 h.p. can profitably use these ref- 
erence guides. Specifications, 2on- 
struction and performance data are 
included for these motors: 


©) M192-A Capacitor- Start) M192-E Oil-Burner 
C1) M192-B Split-Phase M192-F Jet Pump 
C) M192-C Integral M192-G Blower 

0 M192-D Fan-Duty 











LEADERS !N THE MOTOR 
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MOTORS: FANS 


AND 


been designing and producing motors for mechanical- 
firing and air-moving heating units. Many of the most 
famous names in the heating industry depend on 
Emerson-Electric motors for efficient, long-life opera- 


tion for their products. 


Ask us about Standard Motors in ratings from 1/20 to 
5 H.P., and Hermetic Motor parts from 1/8 to 20 H.P. 


Write THE EMERSON ELECTRIC MEG. CO., St. Louis 21, Mo: 


MOTORS 


ss | 





THN Leeann 


eo APPLIANCES 


FAN INDUSTRY SINCE 1890 


393 





MOSLER'S ENGINEERS STATE: 


“Our reason for adopting 
the CYCLOHM "2900" Motor 
is that it has proved to be the 
most satisfactory and best 
designed motor for our re- 
quirements. 


“Our equipment has to be 
absolutely foolproof and 
must operate without any 
mechanical breakdown. In 
examining the Cyclohm 2900 
motor we find it meets all 
our requirements with respect 
to fine workmanship, rugged- 
ness, top performance.” 


You can tell a motor 


by the company it keeps! 


DEPT. PE-2+ HOWARD INDUSTRIES, INC. - 
pivisions: EQ eectric motor corp. CQ) crcionm MOTOR CORP. 


CYCLOHM "2900" MOTOR 


OPERATES MOSLER'’S 


ELECTRIC DRIVE-IN 


BANKING WINDOW 


Mosler’s nationally famous Electric 
Drive-In Window has _ revolutionized 
banking in hundreds of banks throughout 
the country. Press a button and teller's 
unit moves to within easy reach of cus- 
tomer's car. Press the button again and 
unit returns—or if teller forgets, unit 
returns automatically within 15 seconds. 

In this fine equipment as with many 
other leading products, EMC and 
CYCLOHM fractional h. p. motors play 
an important role. Get the facts about 
our complete line. Write or phone 
(Racine 2-2731) for full information. 
Do it now. 


EMC Universal and 
Direct Current Motors 


1/1000 to 1/2 H. P. 


EMC Shaded Pole Motors 
1/2000 to 1/15 H. P. 


CYCLOHM Induction Motors 
1/1400 to 1/4 H. P. 


RACINE, WISCONSIN 


Moly-sulfide 


ALITTLE DOES A LOT 


is proving effective 

even where other 
lubricants 
have failed 


Moly-sulfide , a solid-film lubri- 
cant, is proving so useful in diffi- 
cult friction applications that new 
uses are found daily. 154 cases of 
how serious problems were solved 
are described in our booklet. Your 
own problems may be like those 
described. Write for your copy of 


this booklet. 


Climax Molybdenum Company 


500 Fifth Avenue 
New York City 36NY 
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CASTING Wy 
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* pourable liquid that converts 
to a rubber at room temperature 


prrHOUuT SHEINKAGE 


Unlike other rubbers and latices, “Thiokol” LIQUID 
POLYMER LP-2 is a solventless liquid that is poured and 
cured cold and does not undergo dimensional change 
during handling. It cures to a rubber with the following 
properties: 


Dimensional stability for an indefinite 
period 

inertness to water, most oils and solvents, 
mild acids and alkalis 

Toughness and resilience 

Stability and flexibility over a broad 

temperature range 

® Inertness to ozone, sunlight and aging 


The cold casting compound shown here is made by 
the Perma-Flex® Mold Co., Columbus 9 , Ohio. 
Thiokol Corporation supplies LP-2 only as a raw material. 
Because of its desirable properties, “Thiokol” LP-2 
was selected as the elastomer for their line of flexible 
molding pattern compounds. 


The application shown here illustrates the ease of casting 
“Thiokol” LIQUID POLYMER LP-2 at room temperature. In 
this manner intricate cavities are permanently filled with 
a flexible rubber that conforms exactly to the shape of 
the cavity or mold walls. 


The room temperature pourability of “Thiokol” LP-2 
coupled with the desirable properties it displays as a cured 
elastomer have led to the successful application of this 
versatile polymer in other fields such as sealing, caulking 
and filleting. 


Thiokol 


CORPORATION 


Thus, “Thiokol” LP-2 is now widely used for sealing integral 
fuel tanks and pressurized cabins in aircraft; for caulking 
ship decks; for filleting glass and plastics in combination 
with other materials; and for casting gaskets and seals in 
place on various types of machinery. 


In all of these applications, “Thiokol” LP-2 simplifies pro- 
duction methods and yields desirable product character- 
istics. Similarly, “Thiokol” LP-2 may yield parallel 
advantages in your product or process. 


Our technical personnel will be glad to 
discuss the feasibility of employing “Thiokol” LP-2 in any 
application you have in mind. 


784 NORTH CLINTON AVENUE 
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You can see the difference in 


HONED RACEWAYS 




















exclusive with 


HOOVER BALL BEARINGS 


The photographs reproduced above are magnified one 
hundred times so you can see the difference between 
ground, polished and honed raceways. The process and 
the special machines for the honing operation are exclu- 
sive, patented, Hoover developments. Honing by Hoover 
goes far beyond grinding and polishing to achieve a sur- 
face that assures amazing quietness plus /onger bearing life 

. and greater load capacity. That's why Hoover Ball 
Bearings are the choice of distinguished American manu- 
facturers of fine machines and equipment. 


The Hoover Engineering Manual will be mailed 
free to engineering and purchasing executives re- 
questing a copy on their busines: letterhead. 


THE ARISTOCRAT 





HOOVER BALL and BEA 
Ann Arber, Mie 


__OF BEARINGS 
5 
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How to 

Boost Sales 
Through 
Better Product 
identification 


8 pages — 25 cents a copy 


Because even the best and most 
attractive product will sell better 
when it is attractively and eye- 
catchingly labeled, design en- 
gineers are increasingly aware 
of the importance of attractive 
nameplates escutcheons, and in- 
struction plates. All can be ac- 
centuated by proper treatment 
to give your product increased | 
brand recognition and sales ap- 
peal. 

This comprehensive report on 
contemporary methods and proc- 
esses for better product iden- 
tification, “Identifying Your 
Product,” is one of Product En- 
gineering’s series of full-color 
articles covering product im- 
provement through better sur- 
face appearance, protection, and 
identification. 

Copies of other reports in this 
series are also available. 

WHICH COATING FOR GRAY IRON? 
8 pages — 25 cents a copy 
ELECTROLYTIC 
AND CHEMICAL COATINGS 
8 pages — 25 cents a copy 
TEXTURED ORGANIC COATINGS 
8 pages — 25 cents a copy 
HOW TO PLAN PRODUCT COLORS 
8 pages — 20 cents a copy 
PORCELAIN ENAMEL COATINGS 
8 pages — 20 cents a copy 
FINISHES FOR ALUMINUM 
PRODUCTS 
8 pages — 20 cents a copy 
SELECTING ORGANIC 
COATINGS FOR METAL PRODUCTS 
8 pages — 15 cents a copy 
PHOSPHATE COATINGS 
FOR MILITARY PRODUCTS 
$3 pages — 25 cents a copy 


WRITE TO PEADER SERVICE DEPARTMENT: 


Product 
Engineering 


McGraw-Hill Bailding, 
New York 86, N. Y. 
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Let your J-M Friction — 


help solve them 


MIND if we suggest that you don’t 
knock yourself out and lose time 
puzzling over friction problems when 
your over-all task is so big? 


Not any more—at least—not while 
we have Johns-Manville industrial 
friction specialists who are just wait- 
ing for a phone call or letter to go 
and help you quickly select the right 
material for the job. 

How can Johns-Manville give you 
this “‘Johnny-on-the-spot”’ 
Three short sentences tell the story: 


service? 


1. We are pioneers in the manufacture of 
friction materials for every type of 
equipment. 


5 ANVILLE 


2. We have built up a storehouse of 
“know-how” by our contacts in 
supplying these materials to prac- 
tically every type of industry. 


3. We maintain one of the most extensively 
equipped laboratories in the world 
for the development of friction 
materials. 


So regardless of your problem, don’t lose 
time. Instead, phone or write your nearest 
Johns- Manville ofiice—or Johns-Manville, 
Box 60, New York 16, N. Y.—and a 
J-M friction specialist will be on his way 
to help solve it in a hurry. 


Here's your guide to the ‘ight 
friction material for the job— 


Even if you do not have an immediate 
friction material problem you may have 


use for a reference source. Booklet FM- 
12A (below) is yours for the asking. It 
contains complete descriptions, specifi- 
cations, and a handy selector chart. For 
your copy write Johns-Manville, Box 290, 
N. Y. 16, N. Y. 


[¥j|_Johns-Manville Abeslo4 FRICTION MATERIALS 








Mi 
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Rolled bronze bushings, cast bronze bushings 


and precision bronze parts, produced in hundreds 


of designs, te many alloy specifications and in a great range of sizes. 


Use our specialized facilities—capacity now available. 


FEDERAL-MOGUL 


FEDERAL-MOGUL CORPORATION, 11043 SHOEMAKER, DETROIT 13, MICHIGAN 


oe \ Feet SINCE 1899 
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Precision 


r hoist ire now 
st in one piece. Five machining 


e eliminated. 


The control finger for this air hoist is stronger and Precision casting eliminates the brazing operation, 
costs one-third less now that it is a HAYNEs precision because the fingers can be cast in one piece. In addi- 
investment casting. The fingers were formerly tion, several machining operations are no longer 
machined in two pieces and brazed together. The necessary—for a saving of 33 per cent. 

repeated strain of starting and reversing the hoist For tips on designing parts to be produced by 
caused the parts to break at the brazed joint in two precision casting, as well as examples of successful 
to six weeks. No breakage has occurred since changing applications, write for the booklet, “Investment 


over to the investment-cast parts. Castings.” 


Haynes Stellite Company 
A Division of 
Union Carbide and Carbon Corporation 
HAYNES 4A maa 


“4 
Ps] 
TRADE-MARK LA General Offices and Works, Kokomo, Indiana 
Sales Offices 
Chicago — Cleveland — Detroit — Houston 
Los Angeles—New York—Son Francisco— Tulsa 





“Haynes” is a trade-mark of Union Carbide and Carbon Corporation 
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When and How 
ACCESSORIES to Use 


for the “AN” Series | PORCELAIN 
ENAMEL 


COATINGS 


8 pages — 20 cents a copy 


In line with the rising use of 
| porcelain enamel coatings for a 
steadily increasing variety of 
| products, there are now hun- 
dreds of formulations available 
for many different property re- 
quirements ... in practically any 
| color you may want. 


This Special Editorial Report 
| contains invaluable information 
| on types of porcelain enamel 
| coatings, application methods, 
| properties, and base-metal design 
factors. It is one of Product 
Engineering’s brilliant series of 
| full-color reports on product im- 
| provement through better sur- 
| face appearance and protection. 


Copies of other reports in this 
| series are also available. 


WHICH COATING FOR GRAY IRON? 
8 pages — 25 cents a copy 
IDENTIFYING YOUR PRODUCT 
8 pages — 25 cents a copy 
ELECTROLYTIC AND 
CHEMICAL COATINGS 
8 pages — 25 cents a copy 
TEXTURED ORGANIC COATINGS 
8 pages — 25 cents a copy 
HOW TO PLAN PRODUCT COLORS 
8 pages — 20 cents a copy 
FINISHES FOR ALUMINUM 
PRODUCTS 
8 pages 20 cents a copy 
SELECTING ORGANIC 
: : z COATINGS FOR METAL PRODUCTS 
receive from people everywhere. Yes, Cannon 8 pages — 15 cents a copy 
does make a complete line of accessories to be PHOSPHATE COATINGS 
used in conjunction with the AN Series of con- FOR MILITARY PRODUCTS 
8 pages — 25 cents a copy 


Here is the answer to a frequent question we 








nectors. Complete engineering data on each of 
these is given in the Cannon AN Bulletin, avail- 


WRITE 10 READER SERVICE DEPARTMENT: 
able on request. 


CANNON ELECTRIC ce. | Product 
Since 195 ( = = ===" | | Engineering 


Factories in Los Angeles, Toronto, New Haven, Benton Harbor. Rep- McGraw-Hill Building, 


resentatives in principal cities. Address inquiries to Cannon Electric 
Company, Dept.C-106,P. O. Box 75, Lincoln Heights Station, Los New York 36, N. Y. ! 
Angeles 31, California. 
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Given a few machines and some wire, 
anyone can make springs . . . the 
difference comes in “know-how.” And 
that’s what we have to sell at Accurate. 
A good example of how Accurate 
know-how can pay off is the history of 
the two springs illustrated above. One 

was made in two operations and required 
100% inspection with rejects running 

as high as 50%. Accurate know-how 
developed the means of producing this 
spring complete in one operation with 
such unvarying accuracy that inspection 
could be eliminated. First cost is 

lower . . . overall cost is lower. 

If you require precision springs in quantity, 
we would welcome the opportunity 

to go over your needs with you and 
make recommendations. Write today. 


ACCURATE SPRING MFG. CO. 


3815 West Lake Street 
Chicago 24, Illinois 


Acurates, 


<r cress co 


Data on Springs. It’s full of short cuts “e 
for making spring calculations. Ouisego a 








Bringing together 
for the first time. . 


Engineering data 


The Right Viewpoint | on the design of 
ultrasonic systems 


‘ onsiders the many uses of 
ultrasonics in industry 








H4 ERE is the first engi 

neering consideration of 

the ultrasomic field . the 

essential theory, plus an 

abundance of practical in 

formation never before pub 

lished! This important new 

book reviews electronic con 

siderations and outlines of circuits Mechanica’ 
and electrical design and construction techniques 
of ultrasonic systems are included . . . everythings 

from the design considerations of holders for ultra 
sonic use to the experimental measurement o 
ultrasonic waves in various media 


ULTRASONICS 


By Benson Carlin 


Formerly, Product Research Supertiiar 
Sperry Products 
264 pages . 162 illustrations * $5.50 


BOTH theoretical and practical, this book is 
definitely slanted toward engineering desi 
and use in definite industrial applications. sz 
brings you valuable information on: material test 
ing, agitation, ultrasonic transducers, ultrasonic 
systems. It explains clearly the characteristics of 
ultrasonic waves that are important in practical) 
applications: curves, waves, and complex waves; 
ourier's theorem, wave trains and the law of 
angular transmission; the ways ultrasonic waves 
may be produced, and the electro-mechanical cor 
verting systems. 


Evaluates Practical Uses in Many Fields 
Brought out of the research laboratory an! im 
industry eens 2e8 tremendously broad pra 

F inki ; : . tical applications. is 
When you're thinking about aluminum or magnesium castings, ie tale ae way 
you need the services of an organization with the right viewpoint. > oe oS S CONTENTS 
ample, MATERIALS | !- Ultrasento Waves 
TESTING: to detect | % Ultrasonie Waves 
flaws in metals, plas- pase 
tice and glass, etc.; 8. Gateh for Ultrasent 
possible use of these two light metals . . . ability to do the job; ... Cees co mabe tos. © Coyetal elders ter 
. ohene ‘ : ee |. nie Use 
service; .. . adequate facilities for production; . . . experience. phage ory METAL. » Resonance and 

U 





We're referring, of course, to the right viewpoint toward the best 


’ F RGY: for extremely Continuous-wave 
We here at Wellman like to think we have a combination of all > See Ultrasone Systems 
th thi trained. int d likewise discusses ex- » Puteed Uttracente 

ese things . . . trained, interested personnel, three complete foun- Systems 

: perimental applications Ultrasonie Agitatior 
dries and a modern pattern shop, almost a half century of experi- Nog, anderwater Magnetestriction 
ence in solving casting problems. a C.F 
destruction of bacteria, 


ete. 
SEND NO MONEY 


Why don’t you try us and see how we look from your viewpoint? SEE IT 10 DAYS FREE 








" Metrew-tt0 =a Co. 


® Well-Cast Aluminum and Magnesium Castings 330 W. 42d St., NYC 36 
Send me Carlin’s (LTRABONICS for 10 days 
eramination on appreval. tm 10 days I wil! send 


®@ Well-Made wood and metal patterns $5.50, plus a few cents delivery charge 
the book postpaid * 





Name ... 
Address . 





THE WELLMAN BRONZE & ALUMINUM Co. 


“SAVE! We pay mailing costs " you send cash with 


DEPT.16, 12800 SHAKER BLVD., CLEVELAND 20, OHIO rE; ee ee 
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Here’s a new, modified Polystyrene 
for large moldings 


KOFPERS MC 405 is used for the 
interior panels of both doors, the 
freezer compartment and for door 
shelves in this latest Admiral Dual- 
Temp Refrigerator. These are ex- 
cellent examples of the large, ac- 
curate moldings which can be formed 
quickly and easily with this new 
modified polystyrene. 

Each of the sections mentioned 
above was injection-molded in a 


single operation, and the speed and 








ease of molding resulted in a far lower 
unit cost than would have been pos- 
sible with conventional construction 
methods and materials. The light 
weight of the sections effected sub- 
stantial savings in freight and stor- 
age costs. The MC 405 moldings 
combine good resistance to shock 
and impact, dimensional stability, a 
smooth, attractive finish and low heat 
conductivity. 


The characteristics of Koppers MC 











KOPPERS 
MC-405 


405 suggest it as the ideal construc- 
tion material for trays, cabinets, 
strips and other refrigerator parts as 
well as for housewares, battery cases, 
toys, containers and displays. 

Write today for further informa- 
tion about MC 405 and Koppers 
other Modified Polystyrenes. If you 
desire, a Koppers representative will 
gladly call to discuss the suitability 
of any of Koppers Polystyrenes for 
your particular product applications. 


Koppers Plastics Make Many Products Better and Many Better Products Possible 


ae 


_ KOPPERS 
[ WwW 
———_ 


i, ® 
GG 


KOPPERS COMPANY, INC., Chemical Division, Dept. PE-33, PITTSBURGH 19, PA. 


SALES OFFICES: NEW YORK 
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BOSTON 


PHILADELPHIA 


CHICAGO 


DETROIT LOS ANGELES 


405 





UNDIVIDED 
ATTENTION 


Diefendorf gives every 
order expert, undivided 
attention at every step 
of manufacture — 
whether the order is 
large or small —whether 
for a complete new in- 
stallation or for a few 
replacement gears. 





Diefendorf is equipped 
to make gears of all 
types and all sizes — all 
materials. Specification 
orders only. 


DIERENDORT 
GEAR 
CORPORATION 


920 W. Belden Avenue 
Syracuse, New York 


“Rath Tome,” DIEFENDSO:RF 
BRASS NUTS GEAR §S 


are checked by gage 
You won't lose your temper over STAN DOUT 


off-tolerance if you order “Fischer 


Turned” Brass Nuts for your NT Tor vate). 
products. All Fischer nuts are 

carefully gaged from rod to fin- >: . 
ished precision product. Fischer 7 _ at the right price ! 
guarantees you that every order 

will meet your specs. 


aah mip 


GET, PRECISION AT LOWEST PRICE 


By dealing direct with Fischer you 
free yourself from high blood pres- 
sure and high prices . . . you get the 
highest quality nut at the price of 
common punched nuts. We'll be glad 
» rove that promise with samples 
quotations. Send today! 











Spotlight your product with a spar- 

FISCHER SPECIAL MANUFACTURING CO. wing ape pone plate that aioe ae |e 
i i ; ; inction and assures permanen readability 8 Ss 

Pl be — = Cincianeti 6, Ohio A quote on name and instruction plates, dials, panels, etc. 

ge -widinge ahegmaliaeae meaateas Fischer Turned” Brass Nuts We also apply special finishes to aluminum products 

in these sizes and parts including ANODIZING by the exclusive Alum- 

and prices based on a quantity of ilite process. Write today for information and quotations. 


pee CHICAGO THRIFT-ETCHING CORPORATION 


CITY ZONE STATE 1555 Nerth Sheffield Ave., Chicage 22, \ilineis, Dept. B 
YOUR NAME SUBSIDIARY OF DODGE MFG. CORPORATION, MISHAWAKA, IND. 
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GRADUATED DENSITY 8 sr toss ois, 


makes MICRO-KLEAN the most HYDRAULIC FLUIDS, 
effective filter on the market! AND COOLANTS 


. Fewer Cartridge Changes Necessary 
other cartridge filters 








Compare micro-K.EAn with 


FILTERS WITH THE SAME DENSITY 
THROUGHOUT. The filter media density 
is the same on the pressure and discharge 
surfaces of the element; therefore, dirt 
accumulation is largely on the outside 
surface, choking the cartridge (‘‘plaster- 
ing’) and reducing the effective filter life. 


Compare micro-K.ean with 


FILTERS WITH HAPHAZARD DISTRIBU- 
TION OF FILTER MEDIA. Uneven hap- 
hazard media density permits fluid to 
find channels through the filter, and pass 
solids larger than the minimum filter 
spacing. 


Now Look at the advantages 
offered by MICRO-KLEAN. sec 


how the fibre density increases toward 
the discharge side of the MICRO-KLEAN 
filter cartridge? In effect, every Cuno 
MICRO-KLEAN Cartridge is an infinite 
multiplicity of screens, ranging from 
relatively coarse on the outside down to 
10 microns in the center. Because of 
MICRO-KLEAN’S graduated density in 
depth, particles are entrapped within the 
entire depth of the filter element, giving 
the cartridge a much longer effective life. 
Standard cartridge size is 934" long by 
2%" O. D., in densities of 10, 25 and 
$0 microns. 


You don’t need a complicated, 
bulky filter to keep dirt and abra- 
sives out of your lube oils, hydrau- 
lic fluids and coolants. Cuno’s 
compact MICRO-KLEAN cartridge 
is all filter, with no space-consum- 
ing structural members to offer 
resistance to flow. 

The high porosity and low 
pressure drop operation of MICRO- 
KLEAN filters permit full-flow 
service on gravity, low pressure, 
or suction lines—with no loss in 
operating efficiency. 

Cartridge replacement costs are 
generally cut in half when MICRO- 
KLEANS are used. MICRO-KLEAN’S 
graduated density in depth pro- 
vides much greater capacity for 
dirt accumulation within the mi- 
cronic cartridge, giving twice the 
useful life of an ordinary filter 
element. The specially engineered 
construction of MICRO-KLEAN af- 
fords simplicity of installation 
and maintenance. Changing car- 
tridges can be accomplished in a 
few seconds—only one nut has to 
be removed. 

Send for Cuno’s free filtration 
analysis form, have one of your 
engineers fill it out, and mail it to 
us. We'll let you know exactly 
what you need for your filtration 
requirements—without obliga- 
tion. And take advantage of 
Cuno’s unique “money-back”’ of- 
fer: if MICRO-KLEAN doesn’t out- 
perform any filter cartridge you 
have previously used, we'll send 
you double your money back. So 
send the coupon today for free 
MICRO-KLEAN bulletin. 


MICRO-KLEAN gives you 


@ greater dirt holding capacity 

@ absolute protection against rupturing or 
channeling of the cartridge 

@ longer effective cartridge life 


REMEMBER ...1F YOU CAN PUMP IT, CUNO CAN FILTER IT 


Cuno Engineering Corporation 
Dept. 304C South Vine Street, Meriden, Conn 


I'm interested in your “money-back” offer 
Please send me your filtration analysis form 


and more information on MICRO-KLEAN for 
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WET chester lb lectronics 


SOLVES “MINIMUM” WEIGHT AND SPACE PROBLEMS Th ) 
SM1 SINGLE CONTACT CVE S 


sueMMUTORE | 99 -fe-f5|/ 2 


Double-Contact NUT SMIS Receptacle SMIP Plug SMIH Heed 


CONNECTORS SM2 DOUBLE CONTACT —__—__—, x irl 


MONOBLOC* CONSTRUCTION eliminates un- 

necessary creepage paths, moisture and e 

dust pockets and provides stronger 

molded parts 1H 


MOLDED MELAMINE BODIES (in accord- 
ance with MIL-P14a) — mineral filled wuT SM25 Receptacle SM2P Plug SM2H Hood 














are fungus-proof and provide me- 


chanical strength as well as high arc 
ind dielectric resistance. M " Sm? DOUBLE CONTACT 


CONTACTS PRECISION MACHINED: Pins from ra rea re i+ 
brass bar (QQ-B611) and Sockets | 


=] 
from spring temper phosphor bronze d af 
bar( QQ-B746a). They are gold plated . d7 ie O 
over silver for consistent low contact u~=4 , eee 


resistance, reduction of corrosion and 


aid in soldering. POLARIZATION: Body design of the “SM2” permits engagement in 
one position only. 
RACK & PANEL MOUNTING: Either plug or receptacle may be panel 


SUB-MINIATURE mounted with a %-28 ¢ admium plated brass nut. A melamine eee Whose one job Is to 
hood protects soldered wires. 


expedite delivery of your 


RECTANGULAR ye pa ——_ > = requests for “New Catalogs 
CONNECTORS - and Bulletins” to the manu- 

The comnts ale emote stander actewens comaunned. 
The job keeps her busy, 


_—__~ —$—— 
VN b RECEPTACLE PLUG SMRE 14P-G HOOD SMRE-14H ~——-3)—— too. She handles several 
a oo SMRE 145-6 , 


TERMINALS | thousand requests from 
Photo anc 
D awing . . 
of SMRE-14 Product Engineering 
ao act size c 
Other sizes readers every month. And 


determined by 
she’s anxious to be of serv- 











number of 
contacts. 


STAND-OFF 


MINIATURE STAND-OFF 
FEED-THROUGH PHYSICAL AND ELECTRICAL DATA can. 





ice to you whenever she 





Shown here ore but 0 few of the large line of Weight yt ee So check the “New Cata- 
ticularly Pow J in Waited epoce spplcetionn pre * ee. ” "i on 5 Gem. ] d B * ” 

Wa well insulated Code ae ey _nteioude ogs an ulletins” insert 
He pein ae off rel - » For oo Ne. ‘ . ; : 2 = ii . ; g i al q d 

Y vo! rou sis or a ine P 

——ma— z 23/92) 23 if you haven't already done 


v 












































. 9 
smiP r 0? 04 02... 3 i fin use- 
MOLDED MELAMINE BODY: ( MIL-Spec. smo oad 200 60 You ll d a lot of 
P-\4, Type MTS-G-2 or G-3) for high ‘ F . ° ° . ed th 
dielectric and mechanical strength. _ sese 980 ful information list ere 
TERMINALS: Solder Type (Bifurcated or oie os ° 
Turret) brass, hot tin dipped; Screw py | r ‘ ‘ ; 2450 2050 «950 eee and any of it 1s availa- 
a Type (Tapped — 2 SMRE 
Threaded stud ) No. 4-40 or No. 6-32, : * 
poems. cadmium plated, clear iridite = —_ . ; ‘ F = = ble to you promptly and 
nish. 

25-6 267-6 d d d d 2450 «620500 950 | 4 
MOUNTING METHUD: Rivet, hollow alu- supe sure without cost. 
minum shank (.094” O.D.) assembled 295-6 297-6 d d J t 2450 «67050 «= 958 
by swaging or spinning; Tapped Insert, SMRE SRE 
brass, cadmium plated, clear iridite MuS-6 
finish, assembled with No. 4-40 or No. = : a 
6-32 standard machine screw; Thread- 1 Guide Pins ore net desired emit "6" in ebove Code Numbers. 
ed Stud, brass, cadmium plated, clear 


iridite finish, assembled with No. 4-40 *Trade Mark 
or No. 6-32 nut. 


BREAKDOWN VOLTAGE: yen aaa —_ WINCHESTER § Prod uct 
Stand-off Body Length D.C. Volts ae ee Smeneens 
> Reinet 7000 vat cthat, details in: a oe te) i 


14,000 V and mounting methods. 


” * * 
as PS INCORPORATED | Engineering 


Fe 7 nd -through Cree pi aze Length 
5/: . 4,500 V 1729 WILSHIRE BLVD. 


9 33° . --. 8,000 SANTA MONICA, CALIF. GLENBROOK, CONN., U.S.A. 
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NOW...A new source of supply 


for Magnesium Sand Molded Castings! 
American-Stardard ’ 


The modern facilities and production experience American- 


Standard has built up in supplying magnesium castings to the 


Armed Forces during two wars now can be offered to civilian 
manufacturers who need these light weight, adaptable, excep- 


tionally machinable castings. 


Although American-Standard is not primarily known 
for manufacturing magnesium Castings, it is not a novice 
in this field. During World War II and since, American- 
Standard has turned out these light weight, durable 
castings for military use. In fact, during the last war 
when American-Standard had four plants producing 
these castings, it was the /argest producer of magnesium 
sand molded castings. 

Now American-Standard can offer to civilian manu- 
facturers some of the output of its Litchfield, Illinois 
foundry . . . which is equipped with such facilities for 


= 


. 


American-Stanrdard 


control of casting as X-ray, spectrographic analysis, 
metallographic investigation and other recognized types 
of foundry controls. 

It is equipped to turn out almost any size and shape of 
magnesium sand molded casting . . 
promptly. 

American-Standard also has experienced engineers 


. and to serve you 


who will be glad to analyze your particular design prob- 
lem, and to help you in any way possible. They're al- 
ways at your call. For further information about Mag 
nesium Sand Molded Castir.gs, just retura the coupon 


American-Standard 
Dept. PE-33, Pittsburgh 30, Pa 
Please send free literature on Magnesium Sand Moided Castings. 


Name 
Company 


Address 


American Radiator & Standard Sanitary Corporation, Dept. PE-33, Pittsburgh 30, Pa. 


AMERICAN-STANDARD «+ AMERICAN BLOWER * CHURCH SEATS & WALL THE 
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If you are looking 
for an Answer 





to a Special 
Carburetion Problem... 





You are looking 
for 


enith 


Zenith’s skill and experience have always been con- 
centrated to one particular end—to provide the finest 
in specialized carburetion. Through the years Zenith 
has dealt with every type of engine—ranging from 
single cylinder lightweights to the most rugged and 
powerful of gasoline engines—applving 25 years of 
experience to the mastery of almost every conceivable 
carburetor problem. In engineering the individual 
carburetor to the specific requirements of the job, 
questions of placement, efficiency of performance, and 
economy of operation are considered from blueprint 
to production stage. If you are looking for the answer 
to a particular carburetion problem, you are looking 
for Zenith. Inquiries will receive prompt attention. 


ZENITH CARBURETOR bivision oF 

696 Hart Avenue 

Detroit 14, Michigan AVIATION CORPORATION 
MANUFACTURERS OF FINE CARBURETORS AND FUEL FILTERS 
Export Sales: Bendix international Division, 72 Fifth Avenve, New York, 11, N. Y. 
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Give you LEGIBILITY that /asis in metal 


Why not let experienced Grammes craftsmen help design 
the plate that is right for your product? Whether etched, 
embossed, lithographed or enameled—aluminum, brass 
or stainless steel—they'll make sure your plate has the 
right finish for attractiveness and wearability... and 
resists corrosion or deteriorating elements. 

PROMPT DESIGN SERVICE Your rough sketch or blueprint will bring 


prompt recommendations and prices. Meantime write for our new 
booklet, “Tips on Name Plate Selection and Design.” 


1 GRARAMES & sons 


NAME PLATES w.Ph Trims * BEZELS 
piALs ALLENTOW PANELS 





SPECIALISTS IN DECORATIVE METAL 


PRECISION 


DROP FORGINGS 


... any size or shape 
up to 200 Ibs. 


Whatever your requirements 
in forgings, Herbrand is your 
mos? faithful source of supply 

as it has been for hun 
dreds of industries since 188! 


Your inquiries are solicited 


Hebittttd vision 


THE BINGHAM-HERBRAND CORP 
FREMONT, OHIO 
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BRISTOL’S 


Multiple-Spline 


Stronger by far 
than any other kind! 


The splining principle is recognized by design engi- 
neers as the best means of transmitting rotary power— 
that’s why it’s used in propeller hubs, in drive shafts and 
rear axles of automobiles. In Bristol’s Multiple-Spline 
socket screws, this design results in strength and hold- 
ing power not equalled by any other screw. 


LOOK AT THE THINGS THEY DO... 
FOR THE DESIGN ENGINEER 


Tremendous holding power 
Withstand severe shock and vibration 
Permit neater, more compact design—fit flush, no projecting head 





all the above, plus... 


Greater holding power, permitting use of fewer, smaller screws. 
Will not round out, split or break 

Speed assembly—can be set tighter, easier, faster 

Minimize rejects and marring 





all the above, plus... 


Can be tightened and loosened indefinitely 
Maintain desired set—won’'t shake loose 
Easily wrenched in hard-to-get-at places 
Tamper-proof 














Bristol’s Multiple-Spline Cap or Set screws are carefully de- 
signed to close tolerances (A.S.A approv ed, Class 3 fit). Precision- 
threaded National Coarse or National Fine. Sizes: 
0 wire to } in 
Materials: Standard and listed sizes stocked in heat-treated alloy in diameter 


steel. Brass, bronze, monel, stainless steel, etc., on special order. 


Multiple-Spline Multiple-Spline FOR 30 YEARS A BRISTOL EXCLUSIVE: 


Set Screw Cap Screw = 
Write for free bulletins showing applications. Only Bristol makes 


both Multiple-Spline and Hex . . . for severe and regular service. 


? Multiple-Spline and Hex 
Socket Screws. Cap and Set 
THE BRISTOL COMPANY, Socket Screw Division, Waterbury 20, Connecticut 
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THEIR APPLICATION ENGI- 
WEERS WILL SHOW US 
THE BEST WAY TO RESIST- 
ANCE WELD THESE PARTS", 


IF YOU HAVE a production joining problem, bank on 
resistance welding and use the facilities of Taylor-Winfield. 
We have sales and application engineers who spend their 
time on specific customer projects. 

If you will outline your needs, we will give you some 
practical help. T-W specializes in shirt-sleeve assistance 
on resistance welding. We design, engineer and build 
resistance welders into your production line. For prompt 
attention, address your inquiry to the nearest sales office. 


Sales and Service 


CHARLOTTE . CHATTANOOGA 

CHICAGO . CLEVELAND . DAYTON e 
DENVER . DETROIT . DALLAS A L R 
PHILADELPHIA . PORTLAND, OREGON 

SEATTLE . S. PASADENA . ST. LOUIS WINFIFLD 
WASHINGTON . STAMFORD 


DUNDAS, ONTARIO RESISTAMCE WELDERS 


Ress 


Weld 


THE TAYLOR-WINFIELD CORPORATION ¢* WARREN, OHIO 


THIS FELLOW IS TRAINED IN YOUR BUSINESS. His 
main duty is to travel the country — and world 
— penetrating the plants, laboratories and man- 
agement councils . . . reporting back to you 
every significant innovation in technology, sell- 
ing tactics, management strategy. He functions 
as your all-seeing, all-hearing, all-reporting 
business communications system. 


THE MAN WE MEAN IS A composite of the edi- 
torial staff of this magazine. For, obviously, no 
one individual could ever accomplish such a 
vast business news job. It’s the result of many 
qualified men of diversified and specialized 
talents. 


AND, THERE'S ANOTHER SIDE TO THIS “COMPOSITE 
MAN,” another complete news service which 
complements the editorial section of this maga- 
zine — the advertising pages. It’s been said that 
in a business publication the editorial pages 
tell “how they do it” — “they” being all the 
industry's front line of innovators and improv- 
ers—and the advertising pages tell “with what.” 
Each issue unfolds an industrial exposition be- 
fore you -- giving a ready panorama of up-to- 
date tools, materials, equipment. 


SUCH A “MAN” IS ON YOUR PAYROLL. Be sure to 
“listen” regularly and carefully to the practical 
business information he gathers. 


MCGRAW-HILL PUBLICATIONS 
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Product Engineering 


product’s motor 


a S al - S a S s = t ? MAISCH METERING PUMP EQUIPPED WITH BODINE TYPE NSI-34 MOTOR 


To properly dispense, in measured volumes, 


such hard to pump liquids as, for example, 
luminescent chemicals for television tubes, 
heavy chocolate syrup, concentrated orange 
juice, sterile compounds, biological fluids 
and whole blood was a difficult, time-con- 
suming task before the advent of the Maisch 
Metering Pump. One of the reasons for the 
success of the Maisch Pump is its quality con- 
struction, consisting of stainless steel gears 
operating in a pure carbon and stainless steel 
housing, with precision lapped plates provid- 
ing air-tight, metal-to-metal seals. 

Maisch Pumps, with all their fine construc- 
tion features, are no better than the motor 
providing the necessary power. If the motor 
fails, the unit becomes useless until repaired. 
The same holds true for your product. And 
if the motor fails on your product, your cus- 
tomer will blame you, not the motor manu- 
facturer. Many other manufacturers, like 
Mechanical Products, also find that Bodine’s 
reputation for quality motors, built up over 
nearly half a century, adds to the saleability 
of their products. 


Oliver Maisch, President of the Mechanical 
Products Corporation of Chicago, states that— 


To insure the maintenance of our pumping 
efficiency, Bodine motors were selected as a 
dependable source of uniform power. Your 
motors are standard equipment for our units 
because of their established trade acceptance, 
based on years of proven efficient and eco- 
nomical performance. The sturdy, compact, 
construction of Bodine motors also added ma- 
terially to the eye appeal of our completed 
assemblies?’ 

You may want to equip your product with 
a Bodine motor because our wide variety of 
standard motors—over 3500 in all types and 
ratings (1/2000 to 1/6 HP)—will hold the 
number of cost-increasing modifications to a 
minimum. There are many reasons, but they 
all come back to the fact that Bodine gives 
you more for your motor dollar. If you have 
a motor application problem, it will pay you 
to consult Bodine engineers. 


Bodine Electric Co., 2260 W. Ohio St., Chicago 12, It. 


REPRESENTATIVES IN PRINCIPAL CITIES 
IN CANADA: RENOLD-COVENTRY, LTD. 


THE POWER BEHIND 
THE LEADING PRODUCTS 


March, 1953 
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RANDALL 
FLANGE BEARING 


Imperial is known in drafting rooms 
all over the world as the traditional 
quality tracing cloth 

With the background of decades of 
experience, its makers have pioneered 
in modern improvements to maintain 
Imperial as the finest tracing cloth made 


SPECIALLY DESIGNED = 
for LIGHTWEIGHT FABRICATIONS 


Compact and light in weight, this new, low cost, FUNK 


flange sleeve bearing unit is easy to install. Fast 


assembly —true alignment of shaft in all direc- Heavy-Duty 


tions — self lubrication — low cost maintenance 
and extra long bearing life, are just a few of its CLUTCH ES 
many outstanding advantages. 


Ideal applications are Grain Machinery —Con- and 
veyors — Packaging Machinery — Air Moving 


Equipment and Agricultural Implements. POWER 


This new unit is available with sintered bushings 
for normal duty or with patented Randall Graph- UN IT 
ited Bronze bushings for heavy duty applications. 
Shaft sizes wuldizen 1," —5,"—3, ir ig and DRIVES 
1”, Special ag gpa sealed for life, bearings are 
also available for operating temperatures from FUNK Power Take-Offs are FUNK Products 
—10°F to + 140°F, available in a wide variety include: 
of types to fit most require- Straight Power 
—— ments for shaft spéed and take-off clutches 
Ask your distributor for more infor- - installation space. Designed Gear reduction 
mation on this new bearing assembly . to fit any Ford Industrial take-ofts 
today, or write direct to our office. : Engine ov standard SAE fly- Right angle take-offs 
wheel housing. Above is 
heavy duty clutch and gear 
reduction unit. Write for 
specifications, or for assist- Ford Tractor Conver- 
‘ sion Kit changes to 
ance on any special power 6 or V-8 engine, 
problem. doubles power 


FUNK AIRCRAFT CO. 


3301 Airport Drive Coffeyville, Kansas 





Front ena take-offs 


BRONZE BAR STOCK Jack shaft extensions 


PILLOW BLOCKS BRONZE CASTING 
SAFETY COLLARS 


RANDALL GRAPHITE BEARINGS, INC. 


1004 S. GREENLAWN AVE., LIMA, OHIO 
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Wagner 


cLectRic MOTORS 
the choice of leaders 
in industry 


“ 


This boring machine my. 
ks pprofected against 
excessive outing | 


. 


.-.it’s equipped with 


Wasner 


Motors 


TYPE CP 1 to 250 hp. 


This hydraulic rail feed cylinder boring machine, 
with four spindle heads, bores and counterbores 4.2” 
steel mortar shells. The main motor drive is a 40 hp. 
Wagner totally-enclosed fan-cooled motor, and the 
hydraulic feed pump is powered by a 3 hp. Wagner 
motor. 

Machine tools powered with Wagner totally-enclosed 
fan-cooled motors (type CP) are assured freedom 
from excessive downtime caused by motor failure, 
because these motors are ful.y protected against 


ELECTRIC 


AUTOMOTIVE 


M53-7 
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damage from steel filings, chips, dust, dirt, fumes 
and moisture. 

For your requirements, there is a Wagner Motor to 
fit every need—a complete line for all current specifi- 
cations, with a wide variety of enclosure types and 
mountings. Bulletin MU-185 gives full information. 
Do you have a copy? 

A nearby Wagner engineer will be glad to help you 
select the right motors for your next application. Con- 
sult the nearest of our 32 branch offices, or write us. 


WAGNER ELECTRIC CORPORATION 
6406 Plymouth Ave., St. Lovis 14, Mo., U.S.A. 


MOTORS + TRANSFORMERS + INDUSTRIAL BRAKES 


BRAKE SYSTEMS —~ AIR AND HYDRAULICS 


BRANCHES IN 32 PRINCIPAL CITIES 





For 
Design Engineers 


A HELPFUL 
NEW GUIDE 

TO SMALL 
INDUSTRIAL PUMPS 


This new Tuthill 
Catalog No. 101 on 
the Model L series of 
pumps presents the 
information you need 
for incorporating these 
dependable pumps 
into your equipment. It includes a special Pump Guide 
on Model L applications, plus complete 
specifications and performance 
data. Write for your 


copy of Catalog No. 101 today. 


Tuthill Model | Pumps are 
LUBRICATING, HYDRAU 
CIRCULATING tind BURNI 


designed for 
LIC, TRANSFER, 
NG OILS SERVICE. 


TUTHILL PUMP COMPANY 
Dependable Pumps since 1927 
939 East 95th Street, Chicago 19, Il. 








HOW TO PLAN 
PRODUCT 
COLORS 


8 pages—20 cents a copy 


Howard Ketcham, well-known 
industrial designer, has develop- 
ed color and design themes for 
over 500 products and packaged 
items ranging from household 
appliances to locomotives. In this 
Product Engineering report he 
discusses the principal factors 
involved in matching color with 


product function, sales and ad- 








vertising appeal, maintenance 
considerations, worker efficiency, 
safety, and size effect. 

Copies of other reports in 
Product Engineering’s series of 
full-color articles covering prod- 
uct improvement through better 
surface appearance and protec- 
tion are also available. Write for 
an editorial reprint order form, 


listing titles and costs. 


READER SERVICE DEPARTMENT 


Product 
Engineering 


McGraw-Hill Building, 
New York 36, N. Y. 


Product Engineering — March, 1953 





Do you hesitate to use ELECTRONIC CONTROLS in your product because 
of the problem: “What happens when the controls cease to function?” 








A whole new CONCEPT 


ALDEN PLUG-IN UNIT CONSTRUCTION 
—giving these vital advantages: 


1) If Electronic Controls fail, your cus- 
tomer is able to restore operation in 30 
seconds by plugging in replacement spare. 


2) Visual signals tell instantly what needs 
replacement or adjustment. 


3) Non-technical personnel can accomplish 
resturation of service. 


4) Individual units are compact enough to 
be airmailed to you for servicing. 


These design standards are absolutely vital 
to any manufacturer planning to incorporate 
electronic circuitry into his equipment, and 
expect to send that equipment out into 
shops, offices and all sorts of distant loca- 
tions and have it reliable in operation. Elec- 
tronic controls are wonderful when working 
smoothly. When they go awry, it’s usually 
some minor flaw, the tiniest thing . . . but can 
be a headache . . . unless you provide for 
easy finding and fixing, by designing to 
Alden Plug-in Unit Standards; using— 


The COMPONENTS 
MCL CMIM Ta ¢ 


We have spent four years evolving the design 
principles of Alden Plug-in Unit Construc- 
tion and have perfected a completely inte- 
grated line of components to mount, cir- 
cuitize, house, fasten, monitor and connect 
all types of electronic devices, from simple 
recorder to giant computer. These compon- 
ents are already tooled and in production. 
No procurement headaches—prompt deliv- 
ery—sometimes from stock. 











Now—RELIABILITY IN SERVICE for your Electronic Controls 
through Alden Components for Plug-in Unit Construction 





[iliahility im cui) 
bhullt wilg yur frrbng- 


Your circuitry is unitized in compact vertical planes using ALDEN 
TERMINAL CARD MOUNTING SYSTEM. 


++ 5075+ @ - Hy 


JUMPER STRIP 
Eliminates wiring 


PREPUNCHED MINIATURE CARD-MTG. « YOUR COMPLETED 
for common circuits 


TERMINAL MTG. CARD TERMINALS SOCKETS * CIRCUITS 

You can use Alden Terminal Mounting Card with Alden Miniature Terminals, Jumper Strip and Sockets 
staked to accommodate any circuitry—making complete units ready for housing. Components snap into 
unique Alden Terminals, are held ready for soldering. 


Your circuits become easily replaceable plug-in units by mounting 
in ALDEN PACKAGES or BASIC CHASSIS. 


ALDEN *'20" PLUG-IN 
PACKAGE COMPONENTS 


A LDEN 
BASIC CHASSIS , 8” and 
= COMPONENTS ‘ 17” CHASSIS SIZES 
Equipment is broken s 
down into easily Shielded Alden components provide standard plug-in or slide-in housings 
replaceable plug-in unitg Construction _ With spares, your circuits become units replaceable in 30 seconds. 


Color-coding quickly identifies replacement units — non-inter« 
changeability of connectors positively prevents mis-matings. 


ALDEN UNIT CABLE 
Choice of 
variable pin 
patterns guar- 
antees against 
mis-mating 


Variety of connectors 
assures plugging in 
only where intended. 


Socket to match 
Base pattern 


Your plug-in units are monitored with ALDEN SENSING ELEMENTS 


that spot trouble instantly. 
oa —_ 
a, fostant 
voltage checks 


ALDEN SLIDE-IN BACK CONNECTORS give central color-coded 
check point of incoming and outgoing circuits, eliminate blind 
massing in block connectors. 

Color coding 


= Generous 
> — gi a" a 4 bell-mouthing 


Floating 
— clip action 


FUSE-LITE” 
INDICATING 
FUSEHOLDER 
Fuse blows— 
lite glows 


“PAN-i-LITE” 
Miniature 
Indicator Light 


Accessible 
uncongested 
solder terminals 


Avoid conventional 
rats nest wiring 


To be practical, Electronic Controls MUST be designed and built 
for RELIABILITY IN SERVICE. Alden Design Siandards, Alden 
Components are the answer. 


| To design for RELIABILITY IN SERVICE, this Handbook is a MUST! 


SEND FOR 
YOUR 
FREE COPY 
TODAY 


Here are 226 pages unfolding in comprehensive detail the plug-in unit principles to assure 
RELIABILITY-IN-SERVICE in any electronic device. Complete specs of all the related 
components are included. With this Handbook an engineer can readily design any electronic 
device or circuitry to include the vital advantages of plug-in unit construction. 


eam) ALDEN PRODUCTS COMPANY 


iE North Main Street, Brockton, Mass. 





MINIATURE 
COMPONENTS 


PRECISION UNITS 


FOR FINE 


MECHANISMS 


% Actual 
Size 


They’re small 

Weigh only 5'2 ounces 
Continuously variable 

speed range 

Knob, lever, push-rod, or gear 
control 

Completely sealed unit 


VARIABLE 
SPEED 
DRIVE 


Coaxial shafts for 

in-line construction 
Permanently lubricated 
Ball-bearings throughout 
Rotation in either direction 
Operates in any position 
Prompt deliveries on all types 


Write for Bulletin 99 


GEAR TYPE SPEED 


CHANGERS 


NEW 
FEATURES! 


@ Higher ratios — 27 to 1 in a 
single section, 
531,441 to 1 in 4 sections 


@ HOBBED GEAR UNITS—more 


precise, smoother running 


@ ANTI-BACKLASH UNITS — ° 
register in either direction 


Small — light — rugged — 
completely sealed unit 


Mount in any position 


Single section weighs 
only 3 ounces 

Prompt deliveries on all 
types 


Write for Bulletin 100 


COMBINATION UNITS 


For applications requiring variable speed at a reduced nominal 
output speed, combinations of Metron Variable Speed Drives 
and Speed Changers are available in compact, ‘ntegral units. 
Ask for Bulletin 100, or write giving your reqiairements for 
prompt engineering recommendations and prices. 


METRON INSTRUMENT COMPANY 


444 Lincoln Street © 


 Titeltom 


Denver 9, Colorado 
\ 


MAKERS OF INSTRUMENTS 
FOR PRECISION MEASUREMENT 


PALNUT 


LOCK NUTS 


for quick, secure fastening at low cost 


Yee 


/ _ and they STAY TIGHT! 
A 


Mitton: of light sheet metal and parts 
assemblies are securely fastened with 
low-cost, fast-assembling PALNUT Lock 
Nuts. Wherever you have a nut-and-screw 
assembly, find out how PALNUTS can save 
you money and keep your products tight in 
service. Many sizes, types and finishes for 
every need. 





DOUBLE LOCKING ACTION 
When the PALNUT is tightened, 
spring tension (A-A) is exerted 
upward on the screw thread 
and downward on the part, while 
arched, slotted jaws grip the 
screw like a chuck. 


Free samples and catalog 
Send details of assembly, screw 
threads, etc. for samples and latest 
~~ | Catalog 
THE PALNUT CO. 
65 Cordier St., Irvington 11, N. J. 
In Canada: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 





Kominent Uber heclams 2 


“M-B”’ Automatic Air Line 
FILTER, REGULATOR 
and LUBRICATOR Assembly 


“Your ‘Sentinel of the Air 
Line’ has been giving us 
very good service. We 
have had no complaints 
at all and | trust that we 
will be ordering more of 


The value of “M-B” Automatic them in the near future.” 
Air Line Filters, Regulators and 
Lubricators is widely known for 
their effectiveness as a protec- 
tion to Air Valves, Cylinders, 
Pneumatic Tools, etc. 


signed: A. E. Cranston, Sr. 


PRESIDENT 


Cranston Steel Strapping Co. 
Oak Grove, Oregon 


PRODUCTS 


46 Victor Ave. 
DETROIT 3, MICHIGAN 


WRITE FOR 
LITERATURE 
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So You Want to Make a "MILLION? 
Shen folleu this oredr 
y/ — 





DM «e CARMET carbide metal dies and equip your presses with them. 
D Make 1,000,000 small stampings a day with only one grind per day. 
BY Save $56,907 annually by using Carmet, as shown in the following cost comparison: 


WITH CARMET WITH HI-CARBON, HI-CHROME 


*% 4\% Dies per year $30,600 % 22 Dies per year $ 46,750 
% Punch Replacements per year $(none) % Punch Replacements per year $ 6,600 
% 260 Grinds per year $14,560 % 4,420 Grinds per year 

% Diamond Wheel Cost per year 792 % Abrasive Wheel Cost per year 2,085 


ANNUAL COST WITH CARBIDE....$45,952 ANNUAL COST WITH FERROUS...$102,859 








a= millions more precision pieces a year than you could with hi-carbon, 


hi-chrome dies! 


Ask the Carmet representative to figure out the potential savings and increased production for you in terms 
of your own work. @ Allegheny Ludlum Steel Corporation, Carmet Division, Wanda & Jarvis Avenues, Detroit 
20, Michigan. 


For complete MODERN Tooling, call 


Allegheny Ludlum 's= 


weo 4oee 
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WHICH 


COATING 
for 


GRAY IRON? 


8 pages — 25 cents a copy 


Applications for gray 
iron in your products can 
be greatly expanded if 
surfaces of castings can 
meet a wide variety 
of finish specifications. 
Since gray iron is in 
many respects one of the 
most economical of base 
metals, careful consider- 
ation of applicable fin- 
ishes is worthwhile. 

This Special Editorial 
Report by Charles 0. 
Burgess, Technical Di- 
rector, Gray Iron Found- 
ers’ Society, will serve as 
an invaluable guide for 
organic and chemical] fin- 
ishes for the manufac- 
turers of gray iron 


SIGNALS INSTANTANEOUS WARNING OF PUMP FAILURE products. 


Specially designed by R Corporation f in th in fuel pump Caples of other saparts 
ially design y Revere Corporation for use in the main fuel pu : 
line of the McDonnell F3H twin jet, carrier-based fighter, this precision - Product Engineering’s 
instrument automatically signals warning of pump failure whenever flow series of full-color arti- 
falls below 1.0 gpm due to obstructions or mechanical breakdown. As cles covering product im- 
flow diminishes, restoring and calibrating magnets force a pivoted provement through bet- 
aluminum vane toward a closed circuit position, actuating hermetically ter surface appearance 
sealed magnetic switch. Increased flow automatically opens circuit. and protection are also 
This unit is unaffected by altitude or other pressure and temperature changes. : , 
Primarily designed to indicate a rate of flow of non-corrosive liquids available. Write for an 
in aircraft, the Revere Flow Switch can serve industry wherever editorial reprint order 
a pump failure warning system is desired. form, listing titles and 


costs. 
For additional information send for FREE bulletin # 1400A. 


= ati z= id "3 READER SERVICE DEPARTMENT 
a) Me TT Pe 
aie —e Product 


PEIN ad ae elie dial atti ate nt enh eae 


\ \ "Fa \ ' e e 

REVERE CORPORATION OF AMERICA Engineering 
WALLINGFORD 2, CONNECTICUT, U.S.A. McGraw-Hill Building, 

another precision instrument for aircraft and indus+ry New York 36, N. Y. 
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Precision 
casting 
news 





by Arwood Engineers 


The spectacular “Casting of the Month” illus- 
trated here is an aluminum Waveguide Energy 
Absorber produced for radar equipment. 

It has important features that will be interest- 
ing to Design Engineers. For instance, the ree- 
tangular cavity is cast to exact size with no draft 
permissible. Then, too, the slots in the rectangu- 
lar section of the casting and the countersunk 
holes on the cylindrical flange require no machin- 
ing after casting. Finally, the maximum wall 
thickness allowable is .060 and the curved flange 
tapers to a sharp edge at each end. 

Aluminum is but one metal that Arwood casts. 
Others are copper, bronze, brass, magnesium 
and various steels. Details are in our booklet, 
“A Critical Survey of Investment Castings.” 


TIP TO DESIGN ENGINEERS — When an Arwood 
Casting can save 75° on material and labor 
costs, it’s something to think about. That’s what 
happened with the casting shown which was 
formerly machined from bar stock. And it often 
happens when Product Design Engineers work 
closely with our engineers to develop parts. 


ACTUAL SIZE 
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Ernest White 


These are the men who represent Arwood so 
competently in Southern California. Both Ernest 
White and Clyde Gray have many years of prac- 
tical shop experience. Their first hand “know- 
how” of the foundry business makes them able 
to give sound and valuable advice to manufac- 
turers. Designers and engineers will be particu- 
larly interested in their story of how well and 
how economically Arwood Precision Castings can 
do a difficult job. 

Both Ernest White and Clyde Gray invite you 
to visit them, Booth 268, Western Metal Con- 
gress, Los Angeles, March 23-27. 


For more complete information write 
for our booklet, “Alloy Selection and 
Design for Investment Castings.” 


YY 
} 


An important new book—“Investment 
Casting for Engineers” —has just been 
published by Reinhold Publishing 
Co., New York. It is highly recom- 
mended reading for all design engi- 
neers. 


. 


PRECISION CASTING CORP. 


68 WASHINGTON STREET e« BROOKLYN 1, WN. Y. 
Plants: Brooklyn, N. Y.,Groton, Conn., Tilton, N. H. 


419 





From Oregon’s Mount Hood forest range 
comes the world’s newest hardboard... 
Allwood. Structurally sound, dimension- 
ally stable, uniformly strong, Allwood is 
the durable, dependable and amazingly 
versatile hardboard produced to answer 
your design problems, fit your plans or 


meet your manufacturing needs. 


Simpson Logging Company of Seattle, 
Washington, are exclusive national 


sales agents for Allwood. 


Send for free booklet 
The Allwood Story 


ie Bacteker- Bue 


OREGON 
LUMBER 
COMPANY 


BAKER, OREGON 


Allwood van be bent, die cut, scored, 
drilled, laminated, shaped, routed, 
planed, sawed, nailed, glued and 
processed in almost any way you 
wish or the job demands. 


SOUNDLY ENGINEERED... 


PRECISION-BUILT 


RELAYS... 


not only meet, but surpass the 

most stringent requirements! 
Always the goal at Leach has been to design 
and manufacture relays that achieve the 
maximum degree of performance. 
Nearly four decades of leadership in 
providing a complete line of relays for a 
multitude of applications. 


FOR BETTER CONTROLS THROUGH BETTER RELAYS 
— Specify Leach 


co] 3) 5 nn ~¥ 
SACHEM RELAY CO, 
5915 AVALON BOULEVARD, LOS ANGELES 3, CALIFORNIA 
Representatives in Principal Cities of U.S. and Canada 





FINGER TIP 
SPEED 
ADJUSTMENT 





Selection of the exact 
speed to meet changing op- 
erating conditions . . . correction for operator ability 
adjustment for various size parts or differences in size and 
composition of materials can be made instantly with the 
Lovejoy Select-O-Speed Variable Speed Transmission. Almost 
an infinite number of speeds can be obtained—while the 
machine is running. Easy, finger-tip speed adjustment pro- 
vides better production control and improved product quality 
Opterator fatigue is greatly reduced, assuring efficient and 
ec momical machine operation. Lever or hand wheel control 
izes to 5 hp. Ratios to 10 to 1. 


Send for Catalog and complete engineering dota. 


LOVEJOY FLEXIBLE COUPLING CO.| 


5073 W. LAKE STREET CHICAGO 44, ILL. 
Also Mfrs. of Lovejoy Universal Joints and Lovejoy Universal Couplings. 
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“One-way” Flow 























YY 
? Regardless of Shaft Rotation 


compact 
versatile 
convenient 


automatic 
reversing vane pumps 





You can make these extremely compact pumps an integral part 
of your machines or mechanisms which reverse. They're fully 
automatic reversing . . . discharge in one direction, supplying 
lubricant or coolant continuously regardless of shaft rotation. 
Direction of discharge changed easily in field. 

Brown & Sharpe Automatic Reversing Vane Pumps in Stripped 
Models without housing shown here (Nos. 8023, 8063, and 8103) 
offer minimum projection from machine surfaces . . . are designed 
for use when suction and discharge ports can be incorporated 

in machine castings. Stripped Models with housings (Nos. 8022, 
8062, and 8102) are easily installed when ports cannot be 
designed into machine, or when outside piping is desirable. 
Complete Pumps (Nos. 8021, 8061, and 8101) are also available. 
Sizes available: 214, 5 and 1114 gpm at 0 Ibs. pressure and at 
1149 rpm. Features fully described in Bulletin. Write 

Brown & Sharpe Mfg. Co., Providence 1, R. I., U.S.A 


Buy through your local Distributor. 


Brown & Sharpe ‘° 
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.. For helpful “know. 
how" in producing 
PRECISION GEARS 


The finest kind of service is 
yours from “Mass G2ar” to help 
you get the gears you need . . . 
promptly, economically and 
exactly to your specifications. 


Long experienced “know-how” and modern gear-making facili- 
. at “Mass Gear.” 


ask “Mass Gear” to quote. 


ties await your call . 


Specify your gear requirements 
No obligation of course. 


Massachusetts Gear & Tool Co. 


WOBURN, MASS 








are 
9 &P 


GRC WING NUTS 

Exclusive, finger-grip design; easy 
to assemble, disassemble; brightly 
finished, clean threads 


GRC WING SCREWS 


A steel screw combined with GRC’s 
attractive finger-grip wing-nut. 


@ RUSTPROOF 


rAl, lom.\ 8 he) 4 


FASTENINGS 


% ~ ge 
4 ‘ 
Y A S. Ye 
GRC CAP NUTS ww 
Die cast, not turned! Free of tool 
marks and cut-off burrs; class 2 
threads tapped-square with face of nut. 


t= Vv ~ = 
“ @ » as — 
4 
GRC SMALL TUBULAR RIVETS 
Die cast, not headed! Closer tolerances, 


more uniform heads for greater riveting effi- 
ciency. Dia. up to 9/64"; lengths to 5/16”. 


Gries die cast zine alloy fastenings are durable, ~ 
rustproof 


. economical, too! All Gries fasten- 


ings may be used without protective finishes in 


@ DEPENDABLE men 


finishes when dexired. 
sizes—specials to order. 


WRITE TODAY FOR SAMPLES AND PRICES 


_] 
GRIES REPRODUCER CORP. yl | 
' 


@ DURABLE 


BR 


422 


98 Willow Ave., New York 54 


Furnished in all commercial 


applications ] 
Prompt delivery on standard 


@ Phone MOtt Haven 5-7400 








What makes one man 
worth $40,000 — 
another only $4,000? 
>)... this book tells . . 


HOW TO 
CULTIVATE YOUR 
TOP EXECUTIVE 


} QUALITIES .. . 
= 

















—and win success faster in 
the upper brackets 


TOP EXECUTIVES aren't born. They're made. 
Self-made mostly. Though they rise along 
different routes, the steps to their success are 
similar. They follow a definite course of action 

. . and arrive at the top as planned. Now, 
here is a practical, inspiring book which brings 
you this amazing success formula. It outlines 
a specific, detailed plan for cultivating the 
qualities which mark the top-flight business 
leader today—illuminating each point with in- 
timate, on-the-job studies of currently out- 
standing executives 


DEVELOPING YOUR 
EXECUTIVE ABILITY 


By Howard Smith, Personnel Consult- 
ant, Noted Lecturer, and Instructor 
with Dale Carnegie Institute. 225 pages 
5% x 8, $3.75. 


This book provides a blueprint that shows how 
you can win executive success. Showing that 
executive genius is not a quality one is born 
with, but the result of concentrated effort 
along the right lines, the book telis how to 
direct the same efforts and thinking which 
you already expend daily toward the definite 
goal of improving your executive ability 
Packed with helpful pointers it tells how the 
up-and-coming executive can make the most 
of his capabilities, grow in executive stature, 
and rapidly qualify for the upper bracket 
responsibilities and rewards. 


Some facts this book gives you: 


* how to plan advancement 

* the secret of executive personality 

* 3 best methods for improving personality 
* || ways to put over your personality 

* 24 guideposts to productive thinking 

* |! aids for making decisions 

* tf steps for handling worries 

* how to budget time most efficiently 

© 12 tested techniques for giving instructions 
* how to talk to groups effectively 

« how to handle responsibility 

* how to give yourself publicity 


SEE THIS BOOK TEN DAYS FREE—MAIL COUPON 





2 
McGraw-Hill Book Co., 330 W. 42 St., N.Y¥.C. 36 
Send me Smith's Developing Your Executive Ability 


for lays’ examination on approval. In 10 days 
Iw nd $3.75, plus few cents postage eturn 
book postpaid. (Postage paid on cash orders 
Name 

Address 

City and State 


Company 


PU. ccncevéavecceses e« FPE-3-53 
Books sent on approval in U. 8. and Canada only 
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YOUR 


DE LAVAL 


FIELD | 
REPRESENTATIVE 


Profit by his sound, versatile 
experience. He can aid you 
in selecting the IMO Pump 
you need ... give you facts 
and figures on performance 
... bring valuable judgment 
to bear on your specific 
fluid handling application. 


can help solve 


your pumping problems 


For example, De Laval-IMO Series A313B Pump handles light or viscous 
fluids in hydraulic systems, rotary and steam atomizing oil burners, lubrication, 
governing systems and similar services. Use it for capacities to 
80 gpm, pressures to 275 psi and intermittent pressures to 325 psi. 


IMO Rotary Pumps have only 3 moving parts. There is 
nothing to get out of order, nothing to adjust. IMO 
Pumps are also easy to install. They can be direct-con- 
nected to electric motors, turbines or other high speed 


drivers, without reduction gearing, belts or chains. 


Rotors are in hydraulic and dynamic balance. That 


means pulsation free operation—no churning, no 


OL1e7 
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pocketing, no intermittent strokes. The natural smooth 
rolling action of IMO rotors eliminates noise, vibration 
and hydraulic whine. 

Models can be furnished for almost any fluid handling 
problem in capacities to 750 gpm and pressures to 1,500 
{sk for Bulletrn LG-A which gives data in chart 
form on the wide range IMO line. 


psig 


IMO Pumps 


LAVAL STEAM TURBINE 
801 Nottingham Way, Trenton 2, N. J. 


COMPANY 





An alloy with 
practically no thermal expansion 
up to 400 F 


Note in the graph how the low thermal 
expansion rate of Carpenter Invar “36” 
compares with other metals. The free- 
machining alloy, Carpenter Free-Cut Invar 
“36”, has the same low expansion char- 
acteristics and simplifies production of 
machined parts. 


Where the operation of precision instruments 
or machines is affected by temperature vari- 
ations, the low expansion of this alloy helps 
to insure constant accuracy. Another 
important use is in automatic on-and-off con- 
trols, such as thermostats. These controls are 
operated by the difference between invar’s 
low expansion rate and that of a high 
expansion metal. 


+ + $+———+— 
Average Expension Curves | 
Showing Comporison 

Between Corpenter Low 


0 ————— Expension Nickel-iron Alleys, -— ——$>- —_—— 


Cordon Steel and Non- 
Ferrous Metols 


wo ee ‘ 
TEMPERATURE Degrees Fonrenneit 


For detailed engineering data on the 

Carpenter Invar “36” alloys, write for a 

copy of the Carpenter Low Expansion Alloy 

book. It contains 23 pages of data on expan- 
sion and mechanical properties, 
physical constants, etc. 


THE CARPENTER STEEL COMPANY 
117 W. Bern Street, Reading, Pa. 
Export Department: 
Carpenter Steel Co., Port Washington, New York 
“CARSTEELCO” 


THE CARPENTER STEEI. CO., 117 W. Bern St., Reading. Pa. 
Please send a copy of your Low Exp:msion Alloy Book. 


RG nee 
(Please Print) 


——————— TITLE 
COMPANY 


ADSR E58 —_______ SS = 





7— may fill the bill! 


Standard V5 Skinner stainless 

v5 steel solenoid valves, either 

/ TYPE 2 or 3 way, are available with 
dozens of options to meet 

special needs for control of liquid or gaseous 
media. Such options include by-pass, metering, 
manual override, various electrical connections 
ond port locations, manual reset, etc. Standard 
valves from 5 to 250 p.s.i.—specials from 

5 to 1500 p.s.i. Power consumption, 10 watts 
max. Soft insert seats prevent leakage, and 
spring loading assures positive action. Large 
capacity, yet only 2%” high x 1%" dia. 

Send your standard or special requirements to 
Skinner —write for Bulletin 501 for complete details. 








FLAT BOTTOM 


WOODRUFF 











of Precision Made Steel Products 


KEYS~ALL TYPES - COTTER PINS 
TAPER PINS - STRAIGHT PINS 
MACHINE RACK - SPECIAL PARTS 


KOOLHEAD Foundry Chill Nails 


STANZARD 


HORSE NAIL CORP 


WRITE for 
DESCRIPTION 
and PRICES 
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Mighty Midget THERMOSWITCH’ Unit 
bosses temperature in tight spots 


1. THE HEAT’S ON in this box making machine — heat-sealing 
box corners. Speed of boxes passing through determines de- 
sired temperature. Four Fenwal Midget THERMOSWITCH 
units control the four heaters precisely — yet must do their 
work in very tiny space. Only Fenwal Midgets could do it! 


3. THE SHELL TELLS ALL on a Fenwal THERMOSWITCH be- 
cause the shell itself is the heat-sensitive element. It expands 
or contracts instantly when a temperature change occurs, 
opening or closing electrical contacts. It is tugged, resistant 
to corrosion and vibration, compact and always dependable. 
This is why they are in use on so many control and safety 
devices. 


2. SHOULD OVERHEAT OCCUR in this transport plane's cabin 
heater the Fenwal Midget THERMOSWITCH Thermostat 
would detect it instantly and positively. It snuggles into a 
tiny space — the heating system's fuel accessories box; meas- 
ures only 14” diameter by 3!,” but does its job like a Marine 


ag 


4. FOR FREE BULLETIN on Fenwal Midget THERMOSWITCH 
units just write. It gives detailed information and engineer- 
ing specifications on this new versatile TH ERMOSWITCH 
unit for use in confined spaces. Fenwal engineers are glad 
to assist on your application problems. Write Fenwel, 
incorporated, 23 Pleasant St., Ashland, Ma s. 


THERMOSWITCH 


Electric Temperature Control and Detection Devices 


SENSITIVE... but only to heat 
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DO YOU HAVE AN 
INSULATOR DESIGN 


on land, 


sea 
and in the 


2 \S | 
fe | g rr Whether your insulator de- 
signs are simple or complex, 


whether they call for special 

} or routine production, 

* Universal can meet your 

exact requirements. In addi- 

tion to high dielectric and 

Acadia Synthetic Rubber Products are once again physical strength, Universal 
porcelain insulators are 
| unaffected by heat, cold, 

are serving in a large variety of important pur- J moisture, fumes and acids. 


poses in weapons and equipment on land, sea UNI F § l 
and in the air. Manufacturers in hundreds of _ V R A (U) sAMbUSEY, omt0 
— A 





in great demand for the nation’s defense. They 


industries have learned they can always depend | 1545 EAST FIRST STREET SANDUSKY, OHIO 





upon the uniformly high quality of Acadia Syn- TC NAAN 
thetic Rubbers. 


They are readily compounded to exact degrees 





of elasticity, resilience, plasticity: offer high resist- 
ance to oil, age, light, temperature extremes. 


They can be molded or extruded—cut to close “We find the advertising material 


tolerances in endless shapes and sizes. 


is just as valuable 
as the editorial material” * 


Hundreds of Product Engineering subscrib- 
ers have written letters to tell us how much 
the ANNUAL HANDBOOK OF PROD- 
UCT DESIGN FOR 1953 is helping them. 


Get out your copy now, and see if you don’t 





agree with this reader’s appraisal of it: 


sheets « tubing « strips iia sai , 
= aie a eetines « The ANNUAL HANDBOOK OF PROD. 


seals « bellows -« UCT DESIGN FOR 1953 provides a ready 
gaskets + rings « reference to a wide variety of subject mat- 
qefreqions ° cu parts ter all within one cover. We find that the 


Y advertising material is just as valuable as 
ves A Cc A Di A jee” the editorial material.” 
AG Processors of Synthetic Rubber Y \ 


and stics + Sheets + ‘ “) > . ° 
ti sicceh cl Saati Hanes PRODUCTS Chief Plant Engineer 


Farm Machinery Manufacturer 
DIVISION WESTERN FELT WORKS : 


4035-4117 Ogden Avenue, Chicago 235, Illinois , 
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in thread 
engineering 


Heli-Coil* Inserts present 
a new twist to screw threads. 
They armor your tapped holes 


with precision-formed stainless steel wire, This alone will be a decided advantage for your products in 


and put an end to stripping and corrosion. 
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the competitive market. But there are still further basic design 
improvements and savings possible with Heli-Coil Inserts. 


Smaller ...fewer...or shorter cap screws can now provide 
the necessary holding power with Heli-Coil Inserts... even with 
short thread engagements. Cap screws can be repeatedly re- 
moved and replaced without damage to the threaded member 
when tapped threads are protected by Heli-Coil Inserts. 


Make your designs cleaner, with lighter bosses and smaller 
flanges — by the use of Heli-Coi! Inserts. Eliminate heavy studs 
and bolt-and-nut assemblies by using cap screws and Heli-Coil 
Inserts. In addition, your product is permanently protected 
against thread corrosion and seizure. 

The value of Heli-Coil thread engineering to you is quickly 
verified. Take a minute now to get the latest information. It 
costs you nothing...mail coupon today! 


*Reg. U. S. Par. Of. 
Conforms to all industrial and military specifications. a F 


SS ee a ao a nn 


HELI-COIL CORPORATION |; 


143 SHELTER ROCK LANE, DANBURY, CONN. 
C) Please send catalog, giving full engineering specifications. 


() Please send Heli-Call, a free case-history periodical. 


NAME 7 . —— TITLE 





ee 


ADDRESS 





CITY I ————— = 
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A great aid to your 
miniaturization program 


- - 4, a 
i 3 ] . 
i 
bs oan . in 
2 Se, 


r a ae tad come 


MOUNT IN 15/32” HOLE 
ALL LENS COLORS 


Easy lamp replacement 
with any midget flanged 
base lamp types 


Complete blackout 
or semi-blackout : 
dimmer types —e 
MECHANICAL 


DIMMER 
No. 11-19390-621 


WON-DIMMING 
Mo. 8-1930-621 


THESE ASSEMBLIES LOGICALLY REPLACE 
LAMPS NO. 319, 320, and 321 


eee 
NOUN AANA HAH 
Lore 
REPLACE 
WITH THIS = ae THIS 


PLATE EDGE) LIGHT 


AIR FORCE onl BUREAU ai AERONAUTICS 
MIL-L-7806 DRAWING MS-25010 


DIALCO No. TT-51 (Red filter-black top) 
or, No. TT-51A, complete with No. 327 Lamp 


| 

ALSO MADE | | 

with other filter colors \\ ke I// 

and with light-emitting : 
top (for indication) 


ALL OF THE ASSEMBLIES ILLUSTRATED 
ACCOMMODATE LAMPS NOS. 327, 328, 330, and 331. 


ANY ASSEMBLY AVAILABLE COMPLETE WITH LAMP 


SAMPLES ON REQUEST —NO CHARGE 


These Motorized “Yard Boys” 





Work Winter and Summer 


a i aie 
The TORO Snow Boy handles loose or packed 
snow — loading it into trucks or blowing it up 
to 65 feet. The TORO Grass King cuts up to 6 
acres a day. ROCKFORD CLUTCHES transmit 
the power in these labor-saving units. Let 
ROCKFORD clutch engineers help design efficient 
power transmission controls for your machines. 


ROCKFORD CLUTCH DIVISION 


? Catherine Street, Rockford, Illinois, U.S. A 








Foremost Manufacturer of Pilot Lights 


DIALIGHT CORPORATION 


60 STEWART AVENUE, BROOKLYN 37, N. Y. HYACINTH 7-7600 





TANDEM TERMINALS 


Attached aAd Sox dered 


at pares lip 10 


1200 Per Hour 


Costs are reduced, production increased and more efficient termina- 
tions consistently result when P-M Pre-Soldered Tandem Terminals 
are machine attached and soldered! Produced in continuous form, 
and supplied on reels, P-M Tandem Terminals are applied in our 
machine that cuts off, clinches and solders terminals to wires in 
one instantaneous operation. This method has replaced slow, 
costly hand attachment in many leading plants. Handling of loose 
terminals, solder and flux are eliminated to cut costs and boost 
production on long runs. Standard types available. Send for 
detailed information, and enclose sample of terminal and wire 
now used. Address Dept. E. 


For ordinary runs in moderate quantities we continue to produce 
SEPARATE TERMINALS for ELECTRIC WIRES 


We are also large producers of SMALL METAL STAMPINGS. Modern 
plant with complete equipment for large volume production of stamped 
metal parts in accordance with customers’ prints. Moderate die 
charges. Precision work. Prompt service. 


PATTON-MacGUYER COMPANY 


Baker St. & Virginia Ave., Providence 5, R. 1. 
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wo: a fair question for you to ask any manufacturer—and 


it's a question the Veelos sales engineer wants to answer 
Basically the facts are these... 

e When you design with Veelos v-belt in mind. you fit the belt 
to the drive—not the drive to the belt. 
The motor is placed at the most effective position. You don't 
need to bother with take-up devices—fixed center drives of 
any length are practical. 
Idlers and pivoted or sliding motor bases are unnecessary 


You can use outboard bearings to advantage because Veelos 
is installed without dismantling any part of the machine 
Your drive will provide vibrationless, full power delivery 
because correct tension can be maintained for each belt by 
just adding or removing links. 
Yes, these are the basic facts on Veelos, the adjustable v-belt- 
facts that make your designs more effective. 
Veelos v-belt is made in all standard widths: 00, 0, A, B, C, D, 
and E; double V in 0, A and B. Available in three types: Regular. 
oil-proof and static conducting. 


Do you hove these facts on Veelos handy? We'll be 
glad to send you a copy of this VEELOS DATA BOOK 
And remember too, our engineers may be able to 


help answer your drive questions —so send them along. 


MANHEIM MANUFACTURING & BELTING COMPANY 
610 Manbel Street, Manheim, Penna. 


V-BELT ADJUSTABLE TO ANY LENGTH © ADAPTABLE TO ANY DRIVE 
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Machine it or blank it... 
Make one part or millions... 


Insure closer tolerances... 


OLYPENCO 


NYLON and TEFLON 


rod, strip or tubing 
means economical design ! 


@ Now you can get the benefits of Nylon 


or Teflon and save the delay and cost 
of making molds as well. And by 
specifying Polypenco you can be sure 
of exceptionally good quality and 
uniformity because both of these modern 
materials are produced under rigid 
control— 100% inspected and tested 
from start to finish What precision 
jobs have you got for 


POLYPENCO Nylon 


the tough material that gives you a unique combination 
of abrasion resistance, impact strength and durability in use 
Offers excellent machinability 


POLYPENCO Teflon’ 


the chemically inert material widely used for applications 
where resistance to heat, moisture, and chemicals is essential. 
Offers stable electrical properties over a wide frequency and 
temperature range. 


We'll supply Polypenco Nylon and Teflon 
from stock and show you how it is fabricated 
.or fabricate it for you. 
For further information write: 


most economically .. 


*Trademark of E. I. DuPont 


POLYMER CORPORATION | 


of Pennsylvania 


Reading, Pa. 


CANADIAN REPRESENTATIVE: C-H Engineering 


TUBING Company Montreal, Toronto, Canada 


| echedule—transiating erdere into 


== Howto ™= = =, 


Plan and Control 
1 Production I 


—for greater speed J 
and efficiency . 





This guide brings you tested 
and improved methods of rout- 
ing, scheduling, dispatching, 
inspecting, following-up. 


PRODUCTION 
CONTROL 


By L. L. Bethel, W. L. Tann, 
F. S. Atwater and E. E. Rung 
Second Edition, 284 pp., illustrated, $4.00 


You can get greater volume at lower cost 
with these success: methods of productiop 
planning and control. This guide book helm 
you handle more effectively your everyday 
ae ef routing, scheduling, dispatching. 

nspecting, and following-up. Based on prac- 
tical experience, it refiects current factory 
methods in more than 185 representative com- 
panies in all types of industries. 


It brings ycu the principles behind improved 
control systems hundreds of techniques 











| and actual industrial cases. Operation an- 


alysie—budgeting coste—preparing a master 
roduction— 
following-up — inspection — recor keeping — 
these and scores of other planning and cwntro! 
methods cre analyzed and evaluated 


Gives you up-to-the-minute guidance en: 


Forecasting of sales and production volume— 
control of inventories and coste—methods of 
classification and identification—master route 
carde—keeping stores recorde—what “contro!” 
means to the plant organization—and methods 
of expense distribution. Put thie handy a 
to work on your production line . o help 
locate problem-areas and develop a eben eye 
tem of ecntrols for your plant. 


Check these 15 “how-to” chapters: 
The Concept of tine 
— ‘ ' wotion 
nizati | 
Card & Folecss” 
Expediting 
" Materials 
ment Classification ane 
. Production Analysis Identification 
. pag a Badgoting - Quality Centret 
to Production oiating Cost te 
oo 
. Coordination 


Prodaction 





. Routing of Opere- 
tlons and Precesse: 


10 DAYS FREE EXAMINATION 


McORAW-HILL BOOK (C0O.. Inc. 

830 W. 42nd S8t., N.Y.C., 36, N. Y. 

Please send of Bethel’s PRODUCTION 

FONTROL tor 10 SS eran ‘nation on approval. 

In 10 days I will remit $4.65, plus & few cents 
book postpaid. 


Name 


City and State 

Company . 

Position FPE-3-53 

° ph ae We pay ocosteqe anc packing charges j 
you send cash with vour order Same return 

privilege. 

. 
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miniaturization through critically precise components 


FOR DESIGN ENGINEERS, 

RDM PRECISION COMPONENTS OFFER 
UNLIMITED OPPORTUNITIES FOR SAVING 
SPACE, WEIGHT AND FRICTION 

WITHOUT THE SACRIFICE OF FUNCTION. 
FOR PRODUCTION ENGINEERS, RDM 
ELIMINATES COSTLY BOTTLENECKS. 


. SHAFTS 
S . 
ayy 'o, 
Q S 
. RDM) «x 
c S 
y < 
4¢ a 
5+ Bearings» CO™ 


431 EAST COLLOM 


RDM is dedicated to the research, development 
and/or manufacture of custom-made, high 
precision components for electrical, mechanical 
and electronic devices 


Component reliability is the sole aim the result, 





a perfect reproduction of the design. Made-to 
order parts meet your most exacting tolerances 


and diverse requirements 


WRIT 


! 
RESEARCH DEVELOPMENT MANUFACTURE 


INCORPORATED 


STREET, PHILADELPHIA 44, PA. 
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ig ACCURATE Your kind of... 


_ Torque Measurement ff Solenoid Valves 


you r prablem 7 There JS something better in solenoid valves— 
a e ” the new Marsh Electrimatic. Bodies machined 
fe r, from solid brass stock mean extra strength, 
, greater dependability. Coils are moisture and 
frost proof. Valves are tight seating, smooth, 
positive, quiet. Types for 
wide range of applica- 
tion: direct acting 
—or pilot 
operated 
for large 
capacity. 





. - » Outline your 


conditions and we 

ov will tell you how we 

Link UNI-BEAM _ can help you with 
H mounted on Link Dyn t 

This new tire tite eo your Solenoid prob- 


LINK ONI-BEAM tems. 


is Guaranteed Accurate to 1/10 of 1% 


on Remote Indicator MARSH INSTRUMENT CO. 


is - . Soles affiliate of Jos. P. Marsh Corp. 
The Uni-Beam is designed to be used for the DEPT. 39, SKOKIE, ILL. 


measurement of torque reaction in either direc- Export Dept., Skokie, Illinois 
tion of rotation of a dynamometer. There’s no : 
reverse linkage. Reversing is inherent in the 
design itself. 


Remote Control by Pneumatic Output 


No additional equipment is needed. One or 
several remote indicators may be used. 


ee ee eer ee 


oer pe: 





Utilize Our Experience 


Our engineers will cooperate with yours on 
your torque measuring problems—advise with 


you on latest developments—design special — PRODUC 








equipment for special needs. 


a Look for UNIVERSAL DRAFTING MACHINE'S 
famous feature—the 360° Full-Vision Protractor 


Harried engineering staffs in thousands of plants are using Universal 
Drafting Machines and Duraline Scales to speed ideas through the 
drawing stage and into faster production. 
For fifty years, Universal, the pioneer drafting machine, has remained 
Use UNI-BEAM the leader in accuracy—in ease of operation—-in years of dependable 
service rendered. It combines into one fine, time-saving instrument 
to Measure Torque of most of the loose tools of the draftsman’s art. It is adaptable in the 
field to any board. 

@ Aircraft Engines And every Universal ‘‘Boardmaster™ becomes a better instrument when 
equipped with the new Duraline Scales. These scales, made of aluminum, 
ground from the solid, are the last word in accuracy because they are 
@ Diesels © Vane Pumps @ Gear Pumps engine divided at 70° F. They are easy on the eyes—no glare—large 
numerals, and they will not smudge paper —will not file the pencil point. 


@ Automotive Engines 


®@ Centrifugal Pumps @ Blowers @ Electric Motors and 
Ask your drawing material dealer about these two time and money 
saving tools, or write direct ;or descriptive bulletins. 


Write for Data File F3 UNIVERSAL DRAFTING MACHINE CORPORATION 


Representatives wanted—some open territory 7960 Lorain Avenue °@ Cleveland 2, Ohio 


\ ENGINEERING COMPANY UNIVERSAL 


"13843 Elmira Detroit 27, Mich. DRAFTING _—— DURALINE 
MACHINE SCALES 
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Generators or anything that rotates and has torque 
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RIGIDIZED METALS 
CORPORATI Om 


6733 Ohio Street Buffalo 3, N yy 





a5S a A 
. At y mA . a 9 “A A 
three-dimensional ( if) * hoe “ 
* STRENGTH fe ‘oa . Ma 
an! f y? # ‘ ‘ ) 
mar-resistant \" \3 v¥ 
* BEAUTY v (I ae PETE 
N UATE. 
versatile iPaeang Wy i 
vi PUEVUEVUED CyE Pi WL i €) 
*& UTILITY Oe IWIN EV EV OV OY OY €) 
see SVG OVEN EY VP MU OL OL ©) 
iid MY EAA Ee 2 8 ¥v Wp Oy} CL + 
TOV IR NW’ AON OVO) 4) OY 
PeShEerinl (BOD GW OV Leela BV EL OL 61 | 
PW AEN hE S| Oy 
mw . VN Uy y Yel 
mw(ty WASAYASA GA 4: ; Le) 
EW OW | CE) <8) (6), \¢ pat ape ) 4) ‘ 
pattern 6-WL ' } , \¢ } } ‘ . v } 7 
@ whether your designs are heavy on strength, long on » (OW (CD(S \ 1 ¢ 
beauty, or tilted towards utility, Rigid-tex Metals \ / 
greatly increase the value of these important product t) \ ) (09) (¢ ) v 
features... by rolling them into one clear-through pattern (¢ ; (4 at 
design. Rigid-tex is stronger in all directions — as much N ; 
as 108% greater rigidity, 70% greater buckling strength, Vv (}) Ay 
92% greater tensile strength and 39% greater impact ) 4’) t} 
resistance. it stays beautiful for maximum sales-eye appeal \ ( 
— textured surfaces conceal scratches, dents, smudges and ah) ( () (DRT 
fingerprints. utility advantages lend themselves to 
product design — non-skid; greater heat radiation area; 2 
deadens or dampens sound; easy to fabricate and ready ae ECETECLT ECA ‘ bo 
for use in almost every product from electronic “AN A i wy) ee 
tubes to building curtain walls. y (@ y (4) é) \(é 
send for your Design Imagineering Folder... é\ Vi “\, Gj A 
on company /etterheads, please. ; d é i : 
i ald 
Y dd 





s 
, Sane 
2: ee 


. 





50 Warehouses an d Sales Representatives in rinci ies Thr e U.S. an 45 { 
| E4) ( 
Av Aw Abn An Aw Ae OM 





— 


as the Top 
Whiteprinter...” 


says Dana H. Bennett 
Bruning Drafting Room Specialist 


Yes, wherever I’ve sold a 
COPYFLEX 93—and I’ve sold plenty 
of them—engineers and draftsmen tell 
me there’s nothing like it for speed- 
ing prints. They find it the finest 
heavy-volume whiteprinter available. 
They're pleased with its continuous 
high-speed production of top quality, 
dry, ready-to-use prints from either 
sheets or roll stock. Its vacuum feed 
permits easy insertion of curled orig- 
inals. On top of this, the ‘93’ needs 
no expensive ventilation system or 


From Pencil to Print, only 
BRUNING has everything 


COPYFLEX Whiteprinters 
Drafting Machines 
Tracing Papers and Cloths 
Surveying Equipment 
Drafting Furniture 
Drawing Instruments 
Sensitized Papers, 
Cloths, Films 
Electric Erasers 
Complete Line of Supplies 
and Equipment 


CHARLES BRUNING COMPANY, INC. 
Dept. P33 4700 Montrose Ave., Chicago 41, III. 
(C0 Please hove a Drafting Room Specialist coll. 
C) Send me free booklets on COPYFLEX. 

(C) Show me COPYFLEX in action 

(no obligation). 


Name 


Company 


City. Zone... . State 
Be ee ee = OFFICES IN PRINCIPAL CITIES -— — 
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plumbing. Furthermore, it’s just one 
of a complete line of Copyflex ma- 
chines to meet any price or volume 
requirement.” 

From prints to pencils, Bruning- 
trained men like Mr. Bennett can fill 
every drafting requirement. You re- 
ceive “in-person” attention to your 
needs and fast service on all kinds of 
drafting room equipment to help you 
turn out better work in less time at 
lower cost. Send coupon today for 
more facts and figures on Copyflex. 


Everything for the Engineer and Draftsman 








There are good sdeas 


for you sn this report 
on bow to tackle 
the problem of. . . 


MATERIALS 
SUBSTITUTION 


This Special Editorial Report 
contains the latest available 
data on the serious problem of 
materials substitution. You will 
find this 24page report an in- 
valuable information source 
about: 


The short and long-range 
outlook in metal and non- 
metallic materials 


Examples of what some big 
companies are doing in 
materials substitution 


Factors to consider when 
substituting one material 
for another 


How plastics can be used as 
substitutes for strategic 
materials 


Specific data on substitutes 
for steel and other critical 
metals 


New developments in metals 
and how industry plans to 
use them 


Copies available at 35 cents each. 


READER SERVICE DEPARTMENT 


Product 
Engineering 


McGraw-Hill Building 
New York 36. N. Y. 








Product Engineering — March, 1953 





Any time you fly in a Martin 4-0-4, Superior tubing is 
probably working for your safety. 

Once you're airborne, watch the 840-pound main land- 
ing gear assemblies flip forward and up with amazing 
speed, even though they may be working against a 180 
m.p.h. drag. Fast landing gear retraction gives you an 
extra margin of take-off safety because “clean” aircraft 
have better flight characteristics. 

Chances are your Martin 4-0-4 contains many feet 


of Superior 4” stainless steel tubing. In the hydraulic 
system, this tubing operates at a pressure of 3000 p.s.i., 


normally. On Martin’s torture racks, it has demonstrated 


ff 


remarkable endurance under violent pressure surges at 
1000 cycles per second, even around minimum bends. 
Performance like this may well have a bearing on your 
production problems as well as on your personal safety. 
Superior’s long experience in fine tubing, backed by 
highly-developed production equipment and extensive 
research and testing facilities assures you of top-quality 
small tubing for doing tough jobs well. Outline your 
own production problems in a letter to us, right now 
we'll send you complete information and the appropriate 
Data Memo by return mail. Address: Superior Tube Com- 


pany, 2012 Germantown Ave., Norristown, Pennsylvania 


Round and Shaped Tubing available in Carbon, Alloy, and Stainless Steels, Nickel Alloys and Beryllium Copper. 


— = ; Or” 


West Coost: Pacific Tube Company, 5710 Smithway St., THE “ All analyses .010"' to %'' O.D. 
Los Angeles 22, Calif. UNderhill 0-1331 Certain analyses (.035'' Max. wall) up te 1%"" O.D, 
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NOPAK Cylinder 


Saver GZ Nrvws Fe |] 


-— in opening or closing | | Pee 
24" Wedge-Gate Fabri-Valve | 


24” in diometer. 
Many installations of Wedge-Gate and Bonnet-Stock Valves are 
activated by NOPAK Cylinders for faster, more efficient opera- 
tion. For example, a NOPAK 10” Model “D” Water Hydraulic 
Cylinder will open or close a 24” Wedge-Gate Valve, as pic- 
tured, in a few seconds. If manually operated, these 24” valves 
require 92 full turns of a handwheel for each opening or closing 

. . consuming many minutes of costly manual labor. 


The Fabri-Valve Co., Portland, Ore., states that these valves 
handle vapor from 50 p.s.i. to 150 p.s.i. Such valves are also 
used in liquor control lines, in paper mills, and as sea chests 
aboard many types of merchant ships. NOPAK Cylinders, con- 
trolled by NOPAK all-bronze 4-way valves, are used as activators 
because of their uniformity in design, adaptability to various types 
of Fabri-Valves, and their ease of installation. 


a —+¢,——__—_—_,, 


You can gain these and other benefits in specifying NOPAK 
Cylinders and Valves for the efficient application and control 
of air or fluid power. 


GALLAND-HENNING MFG. CO. 
2762 S. 31st Street * Milwaukee 46, Wis. 


Refer to Sweet's 
File for Product 
Designers or write 
for Bulletin SW-1. 


wn Principal” ALVES ANDC YLINDERS 
_ DESIGNED for AIR and HYDRAULIC SERVICE 


A 7277-Y2H 








LOOKING FOR AN EFFICIENT CLAMP? 


@ of the right design 
@ the right size 


(Regular) @ the right pressure 


NON-ACID 


| SELF CLEANING Look to KNU-VISE 
for the right answer to your clamping problems 


with vertical handle 
with horizontal handle 


with side mount 


LA-CO Flux is more active than resin base flux. 
gives greater efficiency . . . dissolves oxides of metals 
instantly ... prepares a free and clean surface for a 
firmer solder union... fluxes through rusty or oily 
surfaces, thereby eliminating unnecessary cleaning. 
Residue will not absorb moisture. LA-CO Flux 
(Regular) is NON-ACID...SELF-CLEANING. 

LA-CO also manufactures special flux for chrome 
and stainless steel, an electro flux for electrical work 
and a flux for silver soldering. 

A safety feature ...it prevents acid burns. 

Send for descriptive circular and price information. 


Samples upon request. Sales offices in principal cities. Teletype DE-49 
KNU-VISE 


© ane cuemicat co. (eeReSUAPEERTMEGNCO: 


bry 3067 W. Carroll Ave., Chicago 12, Ill. ISON 
ROAD + LAPEER, MICHIGAN 


‘Wate Division: 422 Magnolia St., Glendale, Calif. 


with swivel positioning 
push and pull type 
air-operated 


pliers 


zanmoeos Pp 


C clamps 
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leew” 


“He never was much for letter- 


writing when he was in college. 
But he must know how anxious 
Mother and L are... now that he’s 
off in Korea. Havent heard from 
him in six weeks. Of course, they 
sav “no news Is good news — but 
| wonder. Maybe he can’t write... 
because . . . maybe he’s in a hos- 
pital somewhere. And maybe he 
needs blood. I don’t know... but 


I’m not taking any chances. That’s 
why I’m giving blood.” 
* * * 

Yes, all kinds of people give blood 
—for all kinds of reasons. But 
whatever your reason, this you can 
be sure of: Whether your blood 
goes to a combat area, a local hos- 
pital, or for Civil Defense needs 
this priceless, painless gift will 
some day save an American life! 


Give Blood Now 


Business Executives! 
Vv Check These Questions! 


If you can answer “tyes”’ to most of them, 
you—and your company-—are doing a 
needed job for the National Blood Program. 


Have you given your employees 
time off to make blood donations? 


Has your company given any rec- 
ognition to donors? 


Do you have a Blood Donor Honor 
Roll in your company? 


Have you arranged to have a Blood- 
mobile make regular visits? 


Has your management endorsed 
the local Blood Donor Program? 


Have you informed employees of 
your company’s plan of co- 
operation? 


Was information given through 
Plant Bulletin or House Magazine? 


ry 
Have you conducted a Donor 
Pledge Campaign in your company? 


Have you set up a list of volunteers 
so that ene can be made 


for scheduling donors? 


Remember, as long as a single pint of blood 


may mean the difference between life and 
death for any American . . . the need for 
blood is urgent! 


CALL YOUR RED CROSS TODAY! 
NATIONAL BLOOD PROGRAM 
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AVAILABLE— 


to fill vacancies 


in your plant.... 


DESIGN ENGINEERS 
RESEARCH ENGINEERS 
ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 
EXPERIMENTAL ENGINEERS 
DEVELOPMENT ENGINEERS 


METALLURGICAL 
ENGINEERS 


CHIEF DRAFTSMEN 
and ASSISTANTS 


Don’t Worry About 
Nuts In Hard-To-Get-At Places 


MIDLAND 
Welding Nuts 


THIS IS ALL YOU DO—Just insert collar of Mid- 


land Welding Nut in hole for bolt or screw, re- 


They are the readers 
of this publication. 
You can secure their 
services by advertis- 
ing where they will 
see it—in our classi- 
fied advertising sec- 
tion starting on page 
449 in this issue. 


sistance weld the Nut in place, and the nwt is there 
for the life of the job. Nuts can be automatically 


fed to the welder. No time wasted or trouble screw- 
Copy must be received at 330 
W. 42nd St., N. Y. 36, N. Y. by 
March 16th to be in the April 
issue. 


ing-on nuts in hard-to-get-at places. Write for facts 


about these better connections at less cost. 


The MIDLAND STEEL PRODUCTS COMPANY 


6660 Mt. Elliott Ave. e¢ Detroit 11, Michigan 
Export Department: 38 Pearl St., New York, N. Y. 


PRODUCT 
ENGINEERING 
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Manufacturers of 
AUTOMOBILE AND AIR AND VACUUM AIR AND ELECTRO-PNEUMATIC 
TRUCK FRAMES POWER BRAKES DOOR CONTROLS 














BY FORGING THE “NEW” HARD-TO-HANDLE METALS 


Flooding from Utica production lines come forged 
turbine and compressor blades for jet engines, produced 
complete from metal stock to finished part. Made from 
the new super-hard metals, it’s an exciting and exacting 
job calling for pioneering in forging metallurgy. 

This is one sample of our custom forging work— 
which includes experience in the “new” metals... high- 
temperature alloys; the Nimonics, $-816, Waspalloy, 
Titanium and others. 


PRECISION:--: 


-** FORGINGS 





TRaDt mate 


At Utica we combine 57 years of forging know-how 
with the most modern methods and finest equipment... 
sparked by a continuous drive for ever finer quality. 

Send for your copy of “File 
Facts on Precision Forgings,” which 
outlines Urica’s methods and facil- 
ities now engaged in jet blade pro- 
duction but ultimately generally 


available. 





UTICA DROP FORGE & TOOL CORPORATION, Utica 4, New York 


MAKERS OF THE FAMOUS LINE OF UTICA DROP FORGED PLIERS AND ADJUSTABLE WRENCHES 
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Purebon 


SOLVES MANY PROBLEMS 


caused by sliding or rotating 
parts which are DIFFICULT OR 
IMPOSSIBLE TO LUBRICATE 


A constantly increasing stream of problems are fac- 
ing engineers and designers today involving sliding or 
rotating parts where lubrication is difficult or impos- 
sible. For such applications, Purebon, the mechanical 
carbon, is often the ideal answer. Typical applications 
are sval rings, bearings, pistons, piston rings, pump 
vanes, valve seats, meter discs, and a host of similar 
items. Purebon comes in a wide variety of grades. It is | 
strong, tough, readily machinable and in many cases | 
can be molded directly to size. | 


Bulletin No. 52 tells the complete story of Purebon. 
Write for your copy today. 


PURE CARBON CO., INC. | 


448 HALL AVE. ST. MARYS, PA. 
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A RUTHMAN | 
GUSHER 


Coolant 
System 


Photograph courtesy Cleereman Machine Tool Co, 


You'll go far toward eliminating coolant 
troubles on your machines am you 
specify Gusher Coolant Pumps. Gushers 
are precision built! All rotating parts 
are electronically balanced. Mainte- 
nance costs are cut to a minimum, 
Illustrated is a Model 325 Cleereman 
Four Spindle Drilling Machine with a 
Model UL-2106 Ruthman Gusher 
Coolant Pump. 


THE RUTHMAN | MACHINERY Co. 


1818 Reading Road 


H( jcmrems, |a// 


Cincinnati, Ohio 


Lea ReRR RRR RRR R RE RE EE OE R. 
FOUR TYPES OF -+> 


WOVEN BRAKE LINING 


COVERING ALL INDUSTRIAL 
REQUIREMENTS FOR INTERNAL 
AND EXTERNAL BRAKES 


sizes } 1/2 x 5/32” through 4 x 3/8” 
LARGE CAPACITY (10,000 ft. per Day) 
LONG EXPERIENCE (since 1927) 
SPECIALISTS IN SHORT RUN ORDERS 


WE INVITE YOUR INQUIRIES 


CO OUTHERN FRICTION MATERIALS CO. 


CHARLOTTE, © 2. 3 


BR as caw sineee 
a eb JOINTS 


IMPROVE 

YOUR PRODUCT... 
REDUCE 

YOUR COSTS... 


Quotations and detailed Catalog 
available on request. Write today! 


THE GRAY & PRLOR MACHINE CO. 
623 WINDSOR ST. HARTFORD. CONN Y. 5a 
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Illustration shows a cross section of Ohio Gear's double worm 
reduction unit and installation on Continental's self-cl 
Air Filter . . . alse shown is reducer top mounted. 





In designing a new automatic self-cleaning air filter, 
Continental Air Filters, Inc. of Louisville, Ky., gave 
careful consideration to the known short-comings of 
existing automatic filters. Continental made exhaus- 
tive studies of all accessories to the filter, and for 
reasons of sound engineering design, dependable and 
accurate performance, reputation and physical impact- 
ness, an Ohio Gear reducer was chosen. Just as industry 
depends on Continental Air Filter for the important 
function of keeping the air clean, so does Continental 
depend on Ohio Gear for accurate and consistent 
performance of their unit. This was an important 
factor in the largest installation of automatic self- 
cleaning filters under roof, the Ford Motor Company’s 
Foundry, at Cleveland, Ohio. Continental considers 
the dependable operation of Ohio Gear reducers par- 
tially responsible for its success. Perhaps Ohio Gear 
can serve you as well. Get in touch with their nearest 
distributor or write direct to THE OHIO GEAR 
COMPANY, 1325 East 179 Street, Cleveland 10, Ohio. 
ESTABLISHED 1915 





ears 


. it 
. rT, 
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DISTRIBUTORS AND REPRESENTATIVES 


*Akron, Ohio 
Hardware & Supply Co 
*Baltimore, Md 
L. A. Benson Co., Inc 
*Brooklyn 6, N.Y 
(Gears) Northside Leather 
Belting Co., Inc 
Buffalo, N. Y. 
F. E. Allen 
S. H. Pooley Belting Co 
*Chicago 23, Illinois 
Apex Power Equipment Co 
*Chicago 7, Illinois 
Schrade-Batterson Co 
*Cincinnati 14, Chio 
Metzger Machine Co 
*Cleveland 2, Ohio 
J. A. Shomer Co 
Cleveland 10, Ohio 
Ohio Gear Co 
Dayton, Ohio 
E. C. Hawk 
Detroit 2, Michigan 
Abrasive and Supply Co. 
*Erie, Pennsylvania 
Cohen Auto Parts Co., Inc 
Findlay, Ohio 
3earing & Transmission Co 
*Grand Rapids 2, Mich 
Raniville Co 
agerstown, Md 
Hagerstown Equipment Co 
Houston 3, Texas 
Behring's Bearing Service, Inc 
Indianapolis, Indiana 
Young 
*Kansas City 16, North, Mo 
Sesco Engineering & Supply 
Corp 
*Los Angeles 21, Calif 
J. W. Minder Chain & Gear Co 
Louisville 2, Ky 
Alfred Halliday 
*Massillon, Ohio 
Hardware & Supply Co 


*Memphis 2, Tenn 

Memphis Bearing & Supply Co 
*Miami 9, Fla 

General Equipment & 

Supply. Inc 
Milwaukee 11, Wisc 

Albert F. Korf & Co 
*Minneapolis, Minn 

Industrial Supply Co 
*Muskegon, Mich 

Lakeshore Machinery & 

Supply Co 
*New Orleans, La 

(Gears) R. J. Tricon Co 

(Reducers) Woodward Wight 

& Co., Ltd 
*New York, N. ¥ 

(Reducers) Patron Transmis- 

sion Co 

(Geers) Atlantic Gear Works 
*Paterson 4, N. J 

(Gears) Bernstein Bros. Inc 
Pawtucket, Rhode Island 

George G. Pragst 
*Philadelphia, Pa 

Rothman Belting & 

Equipment Co 

Robert L. Latimer Co 
*Piqua, Ohio 

Bornell Supply Co., Inc 
*Pittsburgh 30, Pa 

Standard Machinists 

Supply Co 
Portland 14, Oregon 

J. W. Minder Chain & Gear Co 
*Rochester 4, N. ¥ 

H. M. Cross and Sons, Inc 
*San Francisco, Calif 

The Adam Hill Co 
*St. Louis, Mo 

The Essmueller Co 
*Syracuse, N. Y 

U. and &.. Inc 
*Toledo 12 Ohio 

G. & J. Bearings & Supply Co 


IN CANADA, *Montreal, Quebec, John Braidwood & Sons, Ltd 


*Stocks Carried 





Here at Coto-Coil... 


. . . bobbin type coils are produced in mass production quanti- 
pated aman ties . . . yet with craftsman-like precision . . . to rigid specifi- 
bobbin-type coil cations. In this battery of Bobbin Winders notice that each 

machine winds three coils simultaneously. The winding speed is 
timed so that two coils are winding at all times while the operator resets the third. 
Such modern production facilities, plus 35 years of experience, combine to make 
Coto-Coils the first choice for engineered coils. Coto-Coils Company, 61 Pavilion 
Avenue, Providence 5, R. I. 


<ClSy 


rs 
Coto* 
4 


7 Coils 


oyr? 





-—Mechanical Designers 
Layout Drattsmen 


For PERMANENT POSITIONS with 


Endicott, N.Y. IB M Poughkeepsie, N.Y. 


Excellent opportunities for designers and layout draftsmen with 
a minimum of five years’ experience desirable in mechanism 
design. Assignments involve the design and layout of intricate 
high speed mechanisms and electro-mechanical devices at both 
the developmen and production engineering level. 

Good salaries, unusual opportunities for professional develop- 
ment, exceptional employee benefits, excellent working and liv- 
ing conditions, moving expenses paid. 

Write, giving full details, including experience and training, to: 
Mr. W. M. Hoyt, Coordinator of Engineering Recruitment, 
International Business Machines, Dept. 686 (7), 590 Madison 
Avenue, New York 22, N. Y. 














DID YOU FORGET 


TO TELL US 
THAT YOU'RE 


MOVING 


? 


* 

Planning to move? If you are, 
then won't you please let us 
know as far in advance as pos- 
sible? It takes time to make 
address corrections on your 
Product Engineering subscrip- 
tion stencil. By notifying us 
about your change in address, 
you make sure Product Engi- 
neering reaches you. There’s 
a handy coupon below te re- 
port the change to us. Do it 
now so you continue receiving 
your Product Engineering with- 
out a single hitch in service. 
Thanks for cooperating! 





Product Engineering 


Circulation Department 
330 West 42nd Street, New York 36, N. Y. 


CHANGE OF ADDRESS NOTICE 
On or about my new address will be: 
Street 
City Postal Zone #.. State 
Signed 
My old address is 
Street 


City Postal Zone +.. .State... 
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Let your imagination take wings 
on L-O-F Super: Fine Fiber: Glass 


Just a little imagination . . . that’s all it takes, and you 
can find any number of practical uses for L-O-F Super: 
Fine Fiber-Glass to profit you and your product. 


Starting with Fiber-Glass . . . millions of tiny glass 
fibers held together by special binders to form light- 
weight insulating blankets . . . designers and engineers 
uncovered countless applications. Here are a few: 
components for rockets, protective wraps for frozen 
food, blackboard erasers, thermal curtains for green- 
houses and the list goes on and on. 


Check the outstanding properties of Super-Fine 
Fiber’Glass, relate them to your problem and let your 
imagination take wings. 


Deadens sound. L-O-F Super’Fine Fiber-Glass is ex- 
cellent acoustical insulation for micdle- and high- 


frequency sound levels. It is highly flexible and can be 
fitted to irregular contours and shapes. 

Prevents heat transfer. Super’Fine is superior to any 
inorganic fibrous insulation in its resistance to heat 
flow. The glass fibers will not burn, absorb moisture, 
mildew or rot. 

Light as a feather. One square foot of Super: Fine 
Fiber-Glass, of a °4-pound density and one-inch thick- 
ness, weighs only one ounce. It is easily cut with 
scissors, knife or roller cutter. 


Supplied by a great name in glass. Libbey-Owens” 
Ford, long famous for outstanding glass products, 
assures you of top-quality Fiber-Glass delivered to 
your specifications right on schedule. 

L-O-F Super-Fine Fiber-Glass can serve you or 
your product. Contact your nearest L°O-F office 
offices in 26 major cities). Or write Libbey-Owens- 
Ford, Dept. F.G 433 Wayne Building, Toledo 3, Ohio. 


LIBBEY-OWENS-FORD GLASS COMPANY 
FIBER-GLASS DIVISION 


FIBER-GLASS 
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51 INDIVIDUAL 
INSPECTIONS .. . 
So VITAL, —yet 


So “unsung” ... 


ee a 


as 


is the role of Bronze Castings in the 
manufacture of many industrial machines or 
products. So often, they are “taken for 
granted” —yet they are often the very foun- 
dation upon which the Quality and Perform- 
ance of the finished product depends. 


Seldom does the Foundry’s name appear upon 
the casting,—so the final user of the finished 
machine or product never knows who makes 
that important part. . . . Thus, it is truly 
vital when you buy Bronze Castings, that you 
be sure of the ability, experience and reputa- 
tion of the Foundry to deliver just what you 
need and desire. 


Please send me a copy of your latest 
“Reference Book of Bronze Casting Alloys.” 


— AMERICAN MANGANESE BRONZE 


nust meet ‘ COMPANY 


rigid test for 


instant Start LABORATORY TESTS 
ina apith tell 4705 Rhawn St., Holmesburg, Philadelphic 36, Pa. 


power ca INSURE THE 
ity Established 1909 
ACCURACY and DEPENDABILITY of ——— 











Aa 
pa 


SYNCHRO cwcmesces: 


There's no guess-work in the 
manufacture of SYNCHRON 
timing motors and timing 
machines. 51! separate in- 
spections and tests determine 





the final fitness of each 
motor before it leaves the 
factory. These tests, plus ad 
vanced engineering and care f : 
fully selected materials, as . A secure future, exceptional op- 
sure SYNCHRON accuracy portunities for advancement, and 
a high starting salary await you 
at Farrcuitp. We have openings 
right now for qualified engineers 
and designers in all phases of air- 
craft manufacturing; we need T. H. Beck, Mana- 
top-notch men to help us in our = a 
engineered for easy Operates efi- | long-range military program: siaunnen ait ance 
adaptability, powerec ciently at —40 turning out the famous C-119 ws ts the ale 
by tested SYNCHRON to +40° F. Flying Boxcar and other projects tion and related in- 
motors-complete, ready lvailable with for the U.S. Air Force. dustries. 
to install in ony timing gear trains for | FAIRCHILD provides paid vaca- 
device. any speed tions and liberal health and life 
insurance coverage. We work 2 
5-day, 40-hour week as a base. 
Premium is paid when longer 
work week is scheduled. 


and dependability Pulls up 
to S oz 

—_—* direct load 
D timing at 1 RPM. 
machines 


Mail coupon or 
ngineering data 





HANSEN MANUFACTURING CO., INC., Princeton 5, Ind. cee om eames _ 


Send catalog and engineering dato to: 
- remmaneal AEE FAIRCHILD Arenal Dison 


. HAGERSTOWN, MARYLAND 
Firm 


Address 
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TIN 


DECONTROLLED 








NOW Tin May Be Purchased 


By Any User—in Any Quantity—for Any Purpose 








For the first time since early in 1951, tin is free 
of U.S. Government controls as to use, stocks 
and shipment. On February 6 the National Pro- 
duction Authority removed all restrictions on this 
vital metal. 

The only Government requirement remaining is 
that tin consumers and dealers submit monthly 
reports on their stocks, receipts, shipments and 
consumption, 

This new order means that now tin may be 
purchased by any user—in any quantity—for 
any purpose. 

It means that one of the world’s most important 
metals is again freely available to American 
industry. 

The NPA announcement says in part: 


The supply of tin contracted for and otherwise 
obtainable in world markets for use in this country 
now is sufficient to balance against demands, both 
Government and civilian. 


TIN IS VITAL—-The tin producers of Malaya, 


principal source of the world’s supply, welcome 


THE MALAYAN TIN 


Department 462 
1028 Connecticut Avenue 


removal of controls that have misled American 
industry into a wasteful and costly search for 
substitutes for tin. 

Tin is vital to the security of the United States, 
Malaya and the Free World. 

lin is vital to the economy of the United States, 


Malava and the Free World. 


Just as the United States and Malaya are allies 
in defense of the Free World, so are they part- 
ners in tin. And by gaining the offensive in its 
war against Communist guerrillas, Malaya has 
materially strengthened its position as the world’s 
most important supplier of tin for the needs of 


the United States. 


To supply accurate information about tin and 
to report on new developments, we publish a 
monthly newsletter. Write now for the current 
issue of “Tin News” with important supple- 
ment on the official NPA announcement. 


BUREAU 


Washington 6, D.C. 


There is No Real Substitute for Tin 
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i free as a nation 


\ 
\ 


and financially independent 


‘\ , \\\ 


‘\ 


\i} 


\ 


as individuals.”’ 


OLIVER P. ECHOLS 


Chairman of the Board, Northrop Aircraft, Inc. 


“For nearly every American, systematic saving during productive years is the 
best means of insuring future security. We at Northrop Aircraft believe in the 
Payroll Savings Plan. We feel that bond purchases contribute greatly toward 
keeping us free as a nation and financially independent as individuals.” 





In addition to a deep, personal interest in his own com- 

pany’s Payroll Savings Plan, Mr. Echols is Chairman of 

the Aircraft Industry Committee to build employee par- Has every employee of your company been offered an 

ticipation in the Payroll Savings Plan. opportunity to enroll in the Payroll Savings Plan? If not, 

e When Mr. Echols’ Committee was formed, 17 major phone, wire or write to Savings Bond Division, 
airframe manufacturers and 11 major suppliers. em- U.S. Treasury Department. Suite 700, Washington Build- 
ploying 400,000 workers, had a total of 80,000 employees 


ing. D. C. Your State Director will help you conduct a 
enrolled in the Payroll Savings Plan. person-to-person canvass. 


15 million dollars worth of Series E Defense Bonds dur- 
ing the next twelve months. 


At Mr. Echols’ request all 28 companies agreed to con- 
duct person-to-person canvasses among their employees. 





The first companies to complete their canvasses report 
a total of more than 70,000 new Payroll Savers bringing 


Typical Companies Reporting Results of 
the industry total to more than 150,000 participants. 


Person-to-Person Canvasses, Payroll Savings Plan. 


In the first reports on campaigns, average payroll par- Before After 


ticipation (companies reporting) went from 20% to Canvass Canvass 
‘ . . *-* ; ° °, 
32°. Latest indications are that the average participa- Hughes Aircraft 38.7% 85.8% 
‘ on ; : at Continental Motors 10% 70% 
tion-—all 28 companies—will be well over 50% by the echen Aiseoele 17.8% 55.1% 
time the canvasses are completed. : Rohr Aircraft 1.3% 77.6% 
Pavroll Savers Solar Aircraft 1.8% 60.5% 
site Bell Aircraft 149 50° 
already added to the Plan through the co-operation of — - ¥ 
Mr. Echols and his Committee will purchase more than 


It is estimated that the 70.000 new 











The U.S. Government does not pay for this advertising. The Treasury De- 
partment thanks, for their patriotic donation, the Advertising Council and 


Product Engineering 
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These Industrial Timer Corporation timers pro- 
vide accurate and highly dependable instruments for 
control of a single operation or multiple operations 
(simultaneously or in sequence). 


OUTSTANDING FEATURES ARE: 


(1) the wide tange of over-all time cycles obtainable 
from any one model; 

(2) the ease with which over-all time cycles can be 
changed; 

(3) the simplicity with which individual cams can be 
adjusted for ON and OFF periods, and positioned in 
specific timing sequence. 


Series CM CAM RECYCLING TIMERS 
The Series CM Cam Recycling Timer repeats a definite 
electrical ON and OFF time cycle continuously. The cam 
is coupled to the motor by means of a simple gear and 
rack assembly—and the over-all time cycle can be easily 
changed by substituting gear racks. (Bulletin 33) 


Series MC MULTI-CAM TIMERS 
The Series MC Timer is identical to the CM Timer, but 
operates 2 to 6 circuits. All cams are mounted on a 
single shaft, which assures a common time cycle for all 
circuits. Each cam, however, is independently adjustable 
for a specific timing sequence. (Bulletin 34) 


Series RA SINGLE CYCLE CAM TIMERS 


The Series RA Timer provides a single time cycle upon 
being actuated electrically from remote control. A pawl 
on the cam eliminates necessity for prolonged closing 
of relay switch when starting. (Bulletin 35) 


Series RC SINGLE CYCLE MULTI-CAM TIMERS 


The RC is identical to the RA, but operates from 1 to 6 
additional circuits. Thus it provides all the features of 
the Series MC Timer, plus the single cycle control 
afforded by the RA. (Bulletin 35) 


Send us specifications, and we shall mak» recommendations based 
en your particulier needs. Bulletins .ent free on request 


MANUFACTURERS OF THESE AND OTHER TIMERS AND 
CONTROLS FOR INDUSTRY— Time Delay Timers * Manual 
Set Timers * Tandem Automatic Recycling Timers * Running 
Time Meters * Instantaneous Reset Timers 


INDUSTRIAL TIMER CORPORATION 


1}?1S EDISON PLACE i ee a N J 
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anti-corrosive metal products co., inc. 
castleton-on-hudson, new york 





J 


sb Dau fafa 


INDUSTRIAL buyers 
have learned to depend on ANTI- 
CORROSIVE for fast, dependable 
service on all types of stainless 
steel fastenings. Draw on our IN 
Stock inventory of more than 
7,000 items and sizes and a pro- 
duction capacity geared to pro- 
duce precision fastenings in 
large or small quantities, from 
huge 7%” hexagon head bolts to 


tiny +0-80 machine screw nuts. 


Write for Catalog 53M today. 


How to keep 


informed on 
the 
part of 


your business 


AT YOUR FINGER TIPS, issue after is- 
sue, is one of your richest veins of 
job information—advertising. You 
might call it the “with what” type 
—which dovetails the “how” of the 
editorial pages. Easy to read, talk- 
ing your language, geared speci- 
fically to the betterment of your 
business, this is the kind of prac- 
tical data which may well help 
you do a job quicker, better—save 
your company money. 


Each advertiser is obviously do- 
ing his level best to give you 
helpful information. By showing, 
through the advertising pages, 
how his product or service can 
benefit you and your company, he 
is taking his most efficient way 
toward a sale. 


Add up all the advertisers and 
you've got a gold mine of current, 
on-the-job information. Yours for 
the reading are a wealth of data 
and facts on the very latest in 
products, services, tools . . . prod- 
uct developments, materials, proc- 
esses, methods. 


You, too, have a big stake in the 
advertising pages. Read them reg- 
ularly, carefully to keep job-in- 
formed on the “with what” part 
of your business. 


McGRAW-HILL 
PUBLICATIONS 
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cassieo SEARCHLIGHT Ss [Tome hey mere 
OPPORTUNITIES . EQUIPMENT—USED or RESALE 


EMPLOYMENT e« BUSINESS -« 


UNDISPLAYED RATE 

$1.50 per line, minimum 3 lines. To figure ad- 
+ payment, count 5 average words as a 
ine. 

(See § on Box Numbers.) 
POSITION WANTED & INDIVIDUAL SELL- 
ING OPPORTUNITY WANTED undispiayed ad- 
vertising rate is one-half of above rate, payable 
in advance 
PROPOSALS $1.50 a line an insertion. 


INFORMATION 


BOX NUMBERS care publication count as 1 
line additional in undispla advertisements. 
DISCOUNT of 10% if full payment is made 
in advance for four consecutive insertions 
of undisplayed ads (not including proposals.) 


EQUIPMENT WANTED OR FOR SALE Adver- 
tisements acceptable only in Displayed Style. 


DISPLAYED RATES 

The advertising rate is $12.60 per inch for 
ali advertising appecring on other then o 
contract basis. Contract rotes quoted on 
request. 

AN ADVERTISING INCH is measured % Inch 
vertically on one column, 3 columas—30 inches 
—to a page. PE 


NEW ADVERTISEMENTS: Address N. Y. Office, 330 W. 42nd St., N. Y. 36, N. Y. for April issue closing March 18th 











PRODUCT ENGINEERS 
TOOL DESIGNERS 


Recent college graduates with 
engineering degree or its 
equivalent. 


METALLURGISTS 


Recent college graduates with 
degree in Metallurgy or equiv- 
alent. Men under 35 years. 
Excellent opportunity with 
a nationally known firm 
Salary commensurate with ability 
WORK IN BEAUTIFUL 
“HARTFORD, CONN.” 


WHITNEY CHAIN 
AND THE 


HANSON- WHITNEY 
DIVISION 


237 HAMILTON STREET 
Hartford, Conn. Hartford 7-8261 


your FUTURE is YOURS ar 


AS A 


© WHO will be working on basic design of metal working and 
hydraulic machinery . . . 


SUNOSTRAND 


em, 


© AT one of the leading manufacturers of machine tools and 
hydraulic equipment . . . 


© IN Rockford, a friendly city within 90 miles of metropolitan 
Chicago. 


This will be a permanent position with a highly progressive 
company, having substantial insurance and pension pro- 
grams. . . . Send us a post card asking for an application. 


SUNDSTRAND 


MACHINE TOOL CO. 
ROCKFORD--------ILLINOIS 








DESIGN ENGINEERS 


For design of special medium weight 
tic equip t. Will be called upon 
to experiment with and recommend im- 
provements to existing equipment as well 
as design of new equipment. Degree in 
mechanical engineering desirable. Should 
have a minimum of five years oi design 
experience. 


Location: CHICAGO. Compensation de- 
pendent upon experience and ability. Posi- 
tion is not dependent on def contracts 
and is permanent and offers good working 
conditions with excellent company benefits. 
Replies will be treated confidential and 
arrangements will be made to interview 
selected applicanis. Submit complete 
resume stating experience, education, sal- 
ary required and date available. 








P-7026, Product Engineering 
620 N. Michigan Ave., Chicago 11, Ill. 








CAREER OPPORTUNITIES 


ENGINEERS and PHYSICISTS 


Desiring the challenge of interesting, diversified, important projects — 

Wishing to work with congenial associates and modern equipment and facilities — 
Seeking permanence of affiliation with a leading company and steady advancement — 
Will find these in a career here at GENERAL MOTORS. 


Positions now are opee ADVANCED DEVELOPMENT and PRODUCT DESIGN, 
’ 


INDUSTRIAL ENGINEE TEST and TEST EQUIPMENT DEVELOPMENT. 
COMMERCIAL AUTOMOBILE RADIO 
MILITARY RADIO, RADAR AND ELECTRONIC EQUIPMENT 
ELECTRONIC COMPONENTS 
TRANSISTORS AND TRANSISTOR AND VACUUM TUBE APPLICATIONS 


INTRICATE MECHANISMS such as tuners, telemetering, 
mechanical linkage, controls, etc. 


ACOUSTICS—toud speakers, etc. 


Inquiries invited from recent and prospective graduates as well as experienced men 
with bachelors or advanced degrees in physics, electrical or mechanical engineering, 
chemistry, metallurgy. 


Salary increases based on merit and initiative. 
Vacations with pay, complete insurance and retirement programs. 





WANTED 


CENTRIFUGAL PUMP ENGINEER 


By major pump company to take charge of 
design, development and testing of new 
lines of single stage and multistage cen- 
trifugal pumps. 
P-6826, Product Engineering 
330 W. 42nd St., New York 36, N. Y. 








Ll ti is in a low living cost center. 
Relocation expenses paid for those hired. 


All inquiries held in confidence and answered—WRITE or APPLY to 
DELCO RADIO DIVISION 
GENERAL MOTORS CORPORATION 


Kokomo, Indiana 
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SEARCHLIGHT SECTION 











We desire personnel of the highest caliber—experienced in the 
field of airborne automatic electro-mechanical control equipment. 








ENGINEERS 


MECHANICAL DESIGN 
ELECTRONIC 
SERVO 


DESIGNERS-LAYOUT MEN 


ELECTRONIC 
MECHANICAL 


This work deals with the manufacture and develop- 
ment of highly complex equipment of the mosi ad- 
vanced type in a new and expanding division of an 
established firm with 20 years of successful! experience 
in the precision instrument field. 


We cite a few of the good reasons why you might like 
to join our organization... 


SALARY increases are based on merit 
and initiative—two weeks VACATION, 
HOSPITALIZATION BENEFITS, GM’‘s 
own INSURANCE PLAN-—-POSITIONS 
ARE PERMANENT due to long range 
manufacturing and developing pro- 
grams—EXPENSES incident to inter- 
views and moving all absorbed by 
company—HOUSING and LIVING 
CONDITIONS among the best and fin- 
est of any along Lake Michigan. 


@ We have a Junior Engineering Trai 
Program of one year for inexperien 
engineering graduates. Opportunity to be- 
come acquainted with all phases of 
industry. 


@ For the convenience and direct use of 
engineers in our Engineering Department, 
we have our own model shop where high- 
est skilled mechanics are employed. 


@ Educational opportunities for advanced 
degrees available at U. of W., ette. 
Technical engineering offered at wau- 
kee Vocational School. 


ENGINEERS 


AND 


PHYSICISTS 
BS—MS-—Ph.D: 


Responsible positions in mechanical, ejec- 
trical or electronic engineering, physics 
or engineering physics for advanced de- 
velopment and design of special equip- 
ment and instruments. Prefer men with 
minimum of two years’ experience in ex- 
perimental research design and develop- 
ment of equipment, instruments, intricate 
mechanisms, electronic apparatus, optical 
equipment, servomechanisms, control de- 
vices and allied subjects. Positions ore 
of immediate and permanent importance 
to our operations. Southwestern location 
in medium sized community. Excellent 
employee benefits. Reply by letter giving 
age, experience and other qualifications. 
All applications carefully considered and 
kept strictly confidential. 


...- all inquiries answered—write or apply .. . 
*% AC SPARK PLUG DIVISION 


GENERAL MOTORS CORPORATION 


1925 E, KENILWORTH PL. MILWAUKEE 2, WIS. 


MECHANICAL 


Engineers 


for design work in 


¢ SERVOS 
PRECISION GEARING 
MECHANISMS 
RADAR EQUIPMENT PACKAGING 
RADAR ANTENNAS 

e SPECIAL TRUCK BODIES 


ON LONG-TERM ENGINEERING PROJECTS @ DEGREE OR EXPERIENCE REQUIRED 


Ind. Rel. Manager, 
Research & Development Dept. 


PHILLIPS 
PETROLEUM COMPANY 


Bartlesville » Okiahome 











Chicago manufacturer wants qualified 
engineer to head small but growing engi- 
neering department of recently established 
rapidly expanding instrument division. De- 
sign, development and product experience 
with mechanical and electrical instruments 
and controls needed. Ability to organize 
and supervise group necessary. Applica- 
tion should includ plete r e of 
education, experience and past earnings. 





P-7010, Product Engineering 
620 N. Michigan Ave., Chicago 11, Il 


MANAGER 
MACHINE DESIGN DEPARTMENT 


Top engineer with experience in d 
and development of special machine 

tire industry. Must be inventive fa- 
miliar with complex machinery involving 
mechanical and electrical devices to re- 
duce manual operations. Will direct large 
staff of designers and contact management 
on special design problems. Give full de- 
tails covering experience, age, education, 
etc. 








P-6843, Product Engineering 
330 W. 42 St., New York 36, N. Y. 


. Write Today 


GILFILLAN BROS., INC. 


Los Angeles 6, California 


AUTOMATIC GCA @ AIRPORT TRAFFIC CONTROL RADAR 
GUIDED MISSILES @ RADAR COUNTERMEASURES 








MECHANICAL ENGINEERS 

Massachusetts Institute of Technology's Digital 
Computer Laboratory has several staff positions 
open for mechanical engineers with 2 or more 
years experience in design, production, or packag- 
ing of electronic equipment or electro-mechanical 
instruments. Interesting work ir the field of higa- 
speed digital computing equipment. Salary com- 
mensurate with candidate’s experience. Write: 

DIGITAL COMPUTER LABORATORY, M.1.T., 
211 Mass. Avenue, Cambridge 39, Mass. 
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PERMANENT ENGINEERING POSITIONS OPEN 


WITH 


WHIRLPOOL CORPORATION 


World’s Largest Manufacturer of home laundry equipment 


ST. JOSEPH, MICHIGAN 


Creative engineering in design and development 
requiring men of vision and individual ingenuity. 


Engineers, Engineering & Experimental Department personnel, at all levels of experience 
needed now and for future consideration. Open positions are in development, design, 
research. Constantly expanding firm, with strong & growing emphasis on engineering func- 
tions, offers unusual opportunity, incentive, many supplementary benefits, and ideal living 
conditions in nationally known resort area. 


If you are considering a change or qualified to start an engineering career write: 


MR, J. M. RANUM, Director of Personnel 
WHIRLPOOL CORPORATION St. Joseph, Mich. 


All inquiries confidential and all will be acknowledged. 





ENGINEERS AND DESIGNERS 


With creative ability and a sincere interest in stable 
employment wanted by a medium size well-known 
machine tool company. Openings exist in research, 
machine design and t design divisi due 
to present and projected design of new products. 
Applicants with working knowledge of machine 
hydraulics, servo-mechanisms and electrical com- 
ponents desired. Company is located in a pleasant, 
progressive New England village having good recre- 
ational facilities, modern schools, hospital, etc. 
Excellent working conditions and congenial atmos- 
phere. Send resume to 


P-6610, Product Engineering 
330 W. 42 St., New York 36, N. Y. 





the University of Wisconsin. 








EXPERIENCED DESIGNERS & DRAFTSMEN 


Preferably experienced in diesel engine design or drafting. Salary 
open. Give full particulars on experience in first letter. 


Beloit with a population of 30,000, is a city of homes and churches 
within 100 miles of Milwaukee and Chicago and in driving distance of 


Permanent employment. Liberal personal benefits. 


Fairbanks, Morse & Co. 
Beloit, Wis. 














SALES ENGINEERS 


Oil-Hydraulic 


Ohio manufacturer of oil-hydraulic con- 
trol equipment is expanding sales or- 
ganization and has severcl openings 
for sales engineers experienced in oil- 
hydraulic field. Would be located at 
branch offices being established in east- 
ern and midwestern industrial areas. 
Graduate engineers seeking permanent 
positions in sales engineering are in- 
vited to send in qualifications and com- 
pensation requirements to 


P-6946, Product Engineering 
520 N. Michigan Ave., Chicago 11, Ill. 











ELECTRO-MECHANICAL 


ENGINEERS 
FOR DEVELOPMENT AND DESIGN 


To work in tae design and develop- 
ment of automatic controls, 
systems, and components. Elec- 
tronic or hydraulic circuit design 
experience necessary. Write, giv- 
ing full details including education 
and experience. Personal inter- 
views will be arranged. 


ASKANIA REGULATOR CO. 
268 E. Ontario St. Chicago, 11, Ill. 








DEVELOPMENT 
ENGINEER 


For design & development engineer- 

ing in connection with a patented proc- 
ess for the molecular bonding of dis- 
similar meilals, and which has wide 
commercial application. 
Excellent opportunity for a graduate €n- 
gineer with a metallic product design & 
development background. Some metal- 
lurgical training or experience pre- 
ferred, but not essential. 


Personal Interviews 
Mon. thru Fri, 9 AM to 3 PM 


AL-FIN DIVISION 
Of The 
Fairchild Engine & Airplane Corp. 
New Highway, Farmingdale, Long Island, N. Y. 


OR IF MORE CONVENIENT 
SEND DETAILED RESUME 
ALL REPLIES CONFIDENTIAL 
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SEARCHLIGHT SECTION 


Methods, Process Engineers 


Can you top this 
for opportuntty ? 


Here at Honeywell we're faced with 
the problem of producing ever- 
increasing amounts of automatic 
controls for the country’s expanding 
industries 

To do this, we're continually 
need of experienced methods and 
process engineers. 

Openings for “Engineers of Pro- 
duction” here at Honeywell . . . rep- 
resent a real challenge—and almost 
unlimited opportunity. 


Duties of the jobs. Figure ways to 
make quality products at minimum 
cost. Supervise the tooling, process- 
ing and planning necessary to trans- 
form blueprints into finished prod- 
ucts. 


Requirements. B.S. or M.S. in 


Mechanical, Electrical, Industrial or 


Chemical Engineering. 


Atmosphere. A company which is 
growing rapidly, steadily and sound- 
ly. The challenge of production is 
ever present 


Openings. In Minneapolis and Phila- 
delphia. 


For details write H. D. Elverum, Per- 
sonnel Dept. PE-3-42, Honeywell, 
Minneapolis 8, Minnesota. And be 
sure to ask for our new book, 
phasis On Research.” 


“Em- 


Honeywell 
Fits in Coutools 








MECHANICAL ENGINEER 


To handle wide variety of problems, pacioatity In 
machine design, ae knowledge of ef cal practice 
and Ay —- ons By} S 
roblems to 

man working under minimum of supervision. State 
details of education and experience. 

P.6441, Product Engineering 
520 N. Michigan Ave., Chicagu 11, IL 














REPLIES (Bor No.): Address to office nearest you 
NEW YORK: 330 W. 42nd St. (36) 
CHICAGO: 520 N. Michigan Ave. (11) 
SAN FRANCISCO: 68 Post St. (4) 





POSITIONS VACANT 


GENERAL ENGINEER GS-11, $5940 per an- 
num—Duties: Head of the Development Sec- 
tion, Instrument Branch, of the Power Plant 
Division Applicants should complete Standard 
Form #57, available at any post office. Forward 
applications to, or secure further information 
from Industrial Relations Officer, Industrial Re- 
lations Department, U. S. Naval Air Rocket 
Test Station, Lake Denmark, New Jersey. 


ENGINEERING DRAFTSMAN GS-6, $3795 per 

annum—aAs a Design Draftsman in the De- 
sign Branch of the Power Plant Division. Ap- 
plicants should complete Standard Form 257, 
available at any post office. Forward applica- 
tions to, or secure further information from In- 
dustrial Relations Officer, Industrial Relations 
Department, U. 8S. Naval Air Rocket Test Sta- 
tion, Lake Denmark, Dover, New Jersey. 


EMPLOYMENT SERVICE 


SALARIED PERSONNEL, $3,000-$25,000. This 

confidential service, established 1927, is 
geared to needs of high grade men who seek a 
change of connection, under conditions assuring, 
if employed, full protection to present position. 
Send name and address only for details. Per- 
sonal consultation invited. Jira Thayer Jen- 
nings, Dept. H, 241 Orange St., New Haven, 
Conn 


POSITIONS WANTED 


CHIEF DRAFTSMAN Age 37—-18% yrs. engi- 

neering & manufacturing experience. Has ex- 
cellent knowledge of drafting organization, 
practices and procedures. Capable of directing 
drafting. standards, records and blueprint ac- 
tivities. PW-6964, Product Engineering 


CHIEF ENGINEER—17 years diversified expe- 

rience in all phases of engineering and manu- 
facturing of metal products, Desires position 
with progressive medium-sized company. PW- 
7002, Product Engineering. 


ENGINEERING ADMINISTRATOR: 30, BSME, 
desires position with progressive company. 
Presently serving as Asst. Chief Engineer on 
fleld applications in mechanical power trans- 
mission. Prefer position in similar capacity or 
as sales engineer in Southwest. Have experience 
in hydraulics, machine design, product engi- 
neering, and teaching. PW-6859, Product Engi- 
neering 
PATENT LAWYER experienced in electronic 
and electrical arts, over 3% years corporate 
patent law practice, four years engineering de- 
sign experience, excellent scholastic record, de- 
sires connection with small or medium size pa- 
tent organization. Address PW-6544, Product 
Fngineering 


TOOL ENGINEER desires supervisory position 
with progressive organization. 15 yrs expe- 
rience in industry, 10 yrs. all phases of tool 
design, processing, & planning. B.S. degree in 
engineering. PW-6761, Product Engineering. 


SELLING OPPORTUNITY WANTED 


SALES REPRESENTATIVE: Desires new or 

estab. lines. Now active in Metal working and 
Machine Tool trade in E. Pa. and: New Jersey 
RA-6830, Product Engineering 





NEW ENGLAND SALES AGENCY 


A. leading agency covering the nietal 
working field in New England desires an 
additional line of industrial parts. Prefer- 
ence: Die tings, per t mold cast- 
ings, plaster mold tings, powder metal 
or plastic parts. In addition to experienced 
sales engineers in the field, it has compe- 
tent engineering department. Only a pro- 
ducer of quality parts will be considered. 


BRA-6707, Product Engineering 
330 W. 42 St., New York 36, N. Y. 

















PROFESSIONAL 
SERVICES 








GEORGE H. KENDALL 


Consulting Mechanical Cancers 
Methods Studies: Process or Produc 

Redesign Existing Products for “Greater Profit. 
Trouble Shooting Production, Design, Cost Problems, 
Specialist Automatic Machinery, Process. Controls, 
New Developments, Patent Studies, Investigations, 

New Products & Process Engineering Studies 
P. 0. Box 3 ( Bet. 1923) Tel. Darien 5-1504 
Noroton Heights 3 Offices Darien, Connecticut 








NEW YORK 
TESTING LABORATORIES, INC. 


OUBMICAL, MBCHANICAL, BLBOTRIOAL 
METALLURGICAL BNGINBBRS 
ANALYTIOAL CHBSMISTS, PHYSICISTS, X-RAY 
——, are of all Materials and Preducts, Plant 
and Field Services in Special Measurements of 
Stress, Sound. Vibration and other. Consultants in 
Litigation and Process Engineering and i % 
80 Washington St. New York City 6 Y 








SKINNER, HARLAN AND IRELAND, INC. 
Consulting Engineers 


Specializing in Magnetic Materials and 
Their Application 


Office and Laboratory Indianapolis 7, Indiana 











CONTRACT 
WORK 

















cut rejects— 
e boost output... 


for others, they can do so for you. 
For details request booklet. 
American Non Gran Bronze Co., 
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MATERIALS 
Aluminum Alloys ...10, 20-21, 
245 


’ 


Bimetal 
Brass 
Brazing Alloys . 


Carbide Alloys ... 
Carbon .... 
Carbon Graphite . 
Ceramics 
Chemicals eimai a sw abeinds 
Copper Alloys. .10, 32, 287, 322, 
Cork Compositions 54.55, 
Felt eran . 
eae 316, 361, 
436 
Friction Materials ....26-27, 54-55 
335, 397, 440 
Glass . ~~ 316, 361, 443 
Graphite ‘ : : a 
Laminated Metals ......10, 67, 
Leather a 218, 
Light Metals “2% 
Manganese Alloys . 
Molybdenum Alloys 
Nickel Alloys ev . 72, 
DE “sseeses 14, 38-39, 
Piastics.14, 35, 84, 91, 97, 294, 
316, 329, 332, 339, 350, 382, 
Plastics, Laminated “ae 
329, 


Piatinum Alloys ...... 
Powdered Metals 46-47, 58. 
261, 288, 335, 398, 
a een 91, 
Rubber & Synthetics.15, 78, 84 
218, 265, 269, 294, 340, 360, 


360, é HOW 
Silicones, = -------+-87, 206 
Size)" SiH, 8, 80 08°86 IT WORKS 
EEE givsnastnsetecreetss ... for Textile and 
Zinc .. = . aaa 
STRUCTURAL PARTS Plastics Processing 


Bars . 325, 
oe sooo A small tension change positions the actuator shaft 
Castings 16, 254, 262, 273, 


341, 356, 383, 399, 402, 407, so as to call for motor speed change to restore pre- 
Colts ' roses set tension. Thus a constant linear feet per minute 
Die Castings .. 36, 77, 208, : : ° 

Extrusions ....20-21, 340, 350, windup may be achieved even though the radius of 


Forgings. 245, 318, 324, 341, 408, . : 
cy ce gy ccd ge ge takeup roll increases with each turn to otherwise 


58, 233, 261, 288, 335, 398, 440 : ° . . 
——............ac8 on a increase linear speed versus radius build-up. Speed 
Sh PS i i iti 
geese ... a is now made proportional to position of dancer 


426 


. 340, . . . . 
ES .....50E, OO ee oe roll and tension is held essentially constant, as is the 


Strips .....2nd Cover, 67, 426, 430 . . : 
Sones inane ae linear rate of material cravel 


= Sm, os oon yy sO, < ‘hese and other models of electronic motor speed control 
pol systems available from 1/50th to 2 horsepower. 
FINISHES WRITE 


Galvanizing 


Metal Spraying 
Paints & Lacquers...279, 300, 
Plating . 334 
Rust Proofing 

(Continued on Page 454) 


4 Godwin Ave Paterson, N. J 
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Continued from Page 453 


MECHANICAL PARTS 


Abrasives . ‘ 26-27 
Accumulators . 304 
Air Motors ... 295 
Axles 341 


Bearings, Ball, Roiler & 
Needle 4th Cover, 28-29, 44, 50-51 
68, 95, 103, 116, 118, 229, 231 
239, 249, 250, 284, 305, 337, 
353 


Bearings, ‘“Oil-less"’ 46-47, 
61 
Bearings, Sleeve .... 


Bellows .. 
Belts . 22- 23, 26-27, 60- 61, 


, 375, 390. 

MODELS FOR AN ~ Bolts, Nuts, Screws & Rivets 

| Be is Be 

EXCEPTIONALLY WIDE ‘409, 416, 422, 438, 448. 
is SERIES F AE t 261 

RANGE OF APPLICATIONS PUMP a pemene S75, 382! 


Carburetors -ad ; : 
Chains ; ll, 13, 38-39, 
90, 456, 





SERIES TYPICAL USES PRESSURES aemee 379, 


All Petroleum Handling CaS... =, SS ith : 
3600 a to 60 P.S.1. | 40-300 G.P.M. Soonpoaseera es 


Containers e - 
General Transfer Controls 243, 319, 330, 








Pressure Lubrication en ll Flexible 64-65, 
f ‘Soot hg to 300 P.S.1. | 1-300 G.P.M. Couplings, Hose & Tube. .319, 
Lube Oil Transfer ene .60-61, 62-63, 90, 341, 
Se aw ay se srg Engines . ....286, a, ay 


, ’ Fasteners ..52, 69, 7 -_ 99, 
Industrial Oil Burner to 150 P.S.1. %-50 G.P.M. 116, 223, 227, 246, 275, 


Fuel Supply 322, 330, 343, 350, 502. 404, 
416, 422, 424, 427, 438, 448, 
Hydraulic Power Filters 101-102, 217, 330, 
: 405, 

Test Equipment Flexib! _— 
e Joints ee ; 

Pressure Lubrication to 1000 P.S.1.| 5-75 G.P.M. Floats - 
High Pressure Coolant Gages & Instruments 221, 
Gears ..6. 37. 45, 59, 255, 266, 
305, 309, 322, 341, 364, 367, 
404, 422, 

Hose ...-26-27, 114, 


Hyd | &P t E - 
NEW/ LATEST EDITION OF THIS ‘nent 1, 101-102, 248. 256, 























295, 297, 301. 304, 319. 320, 
BOOKLET NOW READY FOR 330, 336, 346, 357, 387, 416, 


423, 436, 


ee vou SEND FOR YOUR FREE COPY insulation .......93, 316, 336, 


Lubricating Equipment 
A valuable guide covering important fundamentals 
. : : , Mountings 

of estimating requirements of the average pumping Name Plates 

job. It includes tables, charts, sample problems, and ono Gaskets & Seals. ST 
other pertinent data. SEND COUPON BELOW. 289, 331, 332, 362, 366, 
Photographic Equipment 

Pins 73, 227, 322, 330, 

i a OT ‘oa cece 
Geo. D. Roper Corporation, 373 Blackhawk Park Ave., Rockford, Il. ane Raat * 520 


Pumps 76 255, 270, 297, 
Please Send Booklet-—*‘‘How to Solve Pumping Problems" 346, 376, 414, 421, 423, 


Regulators eee . oe 
NAME Rings 46-47, 58, 69, 
Screw Machine Parts 
Shafting, Flexible 
Sheaves & Pulleys 


—— —— 
city STATE ; Kolary Fiumps _— 


ADDRESS 
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Speed Reducers & Motor Re- 
ducers 3rd Cover, 37, 59, 62-63 
255. 333, 416 
Spindles 7 
Springs 356. 
Strainers 319 322, 
Testing Equipment 
Thermostats 
Tractors 
Transmissions 62-63. 
Traps 
Universal Joints 288. 
Vaives & Fittings. .1. 85, 
319, 355, 357, 369, 415, 


Vibration Dampers 64.65, 


Washers 258, 261. 412. 
Wire Cloth 280, 322. 


— This Office Typist is doing 


Brushes 46-47, 
Coils 282, 354, 381. 


Semneciors ne 386 the work of 4 Draftsmen... 


Controls & Control Eoulipment 
24-25, 30-31. 33-34. 41. 42-43, 
56, 83. 112. 271-272 276. 285, 
296, 298. 392. 349, 3°5. 366, 
380, 385, 386, 388 415, ry 


Cords 

Drives 

Electronic Equipment.83. 285, 

406. 415. 

Extruded Plastics 

Fans & Blowers 

Heating Units 

Instruments 83, 267, 

Insulation 

Insulators . 426 

Lamps . 428 

Motors 3rd Cover, 18-19, 24-25 
79. 83. 110-111. 260, 282, 310-311 


333, 370, 373-374, 378. 393. 398 This girl (who doesn't have typewriter. Wide selection of in- 
Sitemetie 237. 330. 365. 269 and doesn’t need, an engineer stantly changeable type faces 
eienetinein 384 ing degree) is daily saving her makes Vari-Typer useful and 
Thermostate 66, 20. oe, firm the lettering time of 4 MONEY-SAVING for other jobs.. 
mange Dagde ce = draftsmen. And she’s doing a setting text type for specifica- 





neater, sharper, more legible tion sheets, literat . 
DRAFTING ROOM EQUIPMENT ‘ob of | nd s Sa eons 
AND SUPPLIES joo of lettering, too! tion manuals, etc... which can 


108-109, 248, 253, 307, 318, 412 EASY AS ABC to operate! be duplicated on office ma- 


= Standard keyboard works like a chines or offset printing. 
FABRICATING METHODS 
AND SERVICES 
Bending 20-21 


Bie anino si, Lettering Machine 


Enameling aii 363 
Extruding 294 
Finishing 20-21 Body copy produced on DSJ Model. 
Forming 20-21, 363 , 
Gear Cutting 6, 347 Headlines photo-composed on the Headliner. 
Grinding 45 
Molding 2-s. 4 281, 294 = ee ee 
352, 366, 382, 426 » 
Stamping 20-21. 70. 258. 264. 363 RALPH C. COXHEAD CORPORATION 


Welding ..20-21, 303, 308, 334, 410 4% EN D T H 1 S 720 Frelinghuysen Ave., Nowark 5, N.J. 


ENGINEERING AND Pleose send me Voari-Ty Bo 
-Typer Booklet 135 
PRODUCTION SERVICES COUPON 
15, 70, 78, 291, 317, ay 363, ++-and learn how you too 
. ’ can break that dralting 
BOOKS room bottleneck. 
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This index ia published as @ con- 

renience to the readers. Every 
we is taken to make it accurate 

but PRODUCT ENGINEERING 
ssumes no responsibility for er 
rs omissions 


Accurate Spring Mfg. Co 
Acme Chain Corp. 
Acme Tank and Welding tt 
United Tool and Die Corp... 
Ahiberg Bearing Co.. 
Ajax Flexible Coupling Co.. 
Alden Products Co 
Allegheny Ludium Steel Corp... 
Allied Products Corp 
Ailied Research Products Inc. . 
Allis-Chalmers Mfg. Co..18-19, 
Allmetal Screw Products, Inc.. 
Alloy Precision Castings Co... 46 
Aluminum Industries, Inc..... 
American Chemical Paint Co. 
American Hard Rubber Co.... 
ee Manganese Bronze 
° 
American Radiator 
Sanitary Corp. 
American Screw Co 
—— Smeiting & Refining 
° 
Anchor Coupling Co., Inc 
Anti-Corrosive Metal Products 
Co., Inc. 
Arkwright Finishing Co.. 
Armco Steel Corp 
Armstrong Cork Co.....54-55, 
Arwood Precision Casting Corp. 
Atlantic Screw Works, Inc.... 
Austenal Laboratories Inc..... 
Automatic Electric Sales Corp. 385 
Automotive Gear Works, Inc.. 
— Tube Div., Higbie Mfg. 


Bakelite Co., Union Carette & 
Carbon Corp. cae 
Barco Mfg. Co si 
Barksdale Valves. ‘ 
Barry Corp. 
Bellows Co.. 
Beryllium Corp. , 
Bethlehem Steel Co.. 
Blake & Johnson Co 
, P geees oo — Co.. 
> : ’ , , odine ectric Co 
The efficiency of power machinery is dependent upon the Bound Brook Oll-iesa Bearing 
° 
— : . B Roller B c 
transmission system . . . the heart of power machinery. Ealeed tel Ole Guuses 
| Steel 
° ° . Bridgeport Brass Co 
ACME Roller Chains provide smooth, uniform power Bristol Motor Div. Vocaiine Co. 
° merica, Inc. 
a , - d bl f ‘ a $*.. ise c 
= rown arpe 0. 
transmission, perfect timing an trouDie-free operation. Srenine O2.. tog tg 
Buffalo Bolt Co. Div. Buffalo 


You, too, can benefit by putting ACME Chains to work mx. Pe 





for you. Our engineers will gladly help you with your 


Cambridge Wire _ Co.. 

, Cannon Electric Co 

chain problems. Write or telephone Holyoke 2-9458 today. Carpenter Steel C 

Carpenter Steel Co., 
Div. 

Central Screw Co 

Century Electric Co 

Chace Co., W. 

Chain Belt Co 

Chase Brass & Copper Co., Inc. 

Chelsea Fan and Blower Co., 
Biower 

Chicago Rawhide Mfg. sewee 

Chicago Thrift-Etching Corp. 

Chrysler Corp., Industrial En- 
gine Div. 

Cincinnati Gear Co.... 

Cincinnati Industries, 

Clare & Co., C. P 

Clark Controller Co.. 

Clark Equipment Co... e. 

: y Cleveland Werm & ear Co. 

M rite Dept. 1E for Clifford Mfg. Co. ; 

new illustrated 76 | Climax Molybiienum Co. 


page catalog on use ation Columbia-Geneva Steel Div.... 








Connecticut Hard Rubber Co.. 

and application of Continental Diamond Fibre Co. 

pened chains and oJt - siainceiail Continental Serow Co 2 
ts. 

— MASSACHUSETTS 
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Coxhead Corp., Ralph C. 
Crane Co. 

Crane Packing Co.... 
Cuno Engineering Corp... 
Curtis Universal Joint Co. 


Dayten Rubber Co. a 

Delaval Steam Turbine Co.. 

Deluxe Colls, Inc... 

Denison Engineering Co. 

Dialight Corp. . 

Diefendorf be “Corp 

Dodge Mf 

elloger 

Dow Corning "Sere... . 

Drop Forging Association. . 

DuPont de Nemours & Co., 
Inc., E. 1. (Plastics). a 

Durakool, Inc. 

Durkee-Atwood Co. .. 


Eagle Lock Co..... 

Eastern Air Devices, Inc..... 

Eastman Kodak Co., Industrial 
Photographic 

Eaton Mfg. Co., Foundry Div. 16 

Elastic Stop Nut Corp. of Amer. 227 

Elco Tool & Screw Corp 2 

Electric Auto-Lite Co. 

Emerson Electric oe © 

Euclid Eiectric & Mfg. Co 

Evans’ Sons, John 


Fafnir Bearing Co 
Fairchild Aircraft Div., 

& Airplane Corp..... 
Fairfield Mfg. Co.... a 
Farrel-Birmingham Co., Inc. 
Fawick Airflex Div., Federal 

Fawick Corp. ...... 299 
Federal Bearings Co., Inc 
Federal Mogul Corp. 

ment) 

Fellows Gear Shaper Co 
Felters Co. 

Fenwal, inc. ae 
Fischer Special Mfg. Co. 
Fiexonics Corp. 

Foote Bros. Gear & Machine 


Corp. 
Ford Motor Co., industrial & 
Marine Eng. Sales Dept.. 
Formsprag Co. 
Fulton Syiphon Div., 
shaw Fulton ..... 
Funk Aircraft Co 


Galland-Henning Mfg. Co.... 

Garlock Packing Co 

Gast Mfg. 

Gear Specialties 

General Electric Co., Apparatus 
Dept. 49, 110-111 

eseaten Electric Co., Construc- 
tion Materials Div.. 

General Electric Co., Chemical 
Dept., Silicones 

Gerotor May Corp 

Geuder, Paeschke & Prey Co., 
Contract Div. 

Gibson Electric Co 

Gits Bros. Mfg. 

Glass Fibers inc 

Gleason Works 

Goodrich Chemical Co., 
(HYCAR) .. 

Goodrich Co., B. "fF. (RIVNUT) 

Goodyear Tire & Rubber Co. 
(Mech. Gds.) 

Goshen Rubber Co., 

Grammes & Sons, Inc., L. F... 

Graphite Metallizing Corp..... 

Graton & Knight Co . 

Gray & Prior Machine Co..... 

Great Lakes Screw 

Greer Hydraulics 

Gries Reproducer Corp 

Groov-Pin Corp. 


(Continued on page 458 
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Garlock O-Ring Seay, 


FOR ROTATING PUMP SHAFTS 


A Sleeve Drive 
Balanced 


“O” Ring Seal 


Simple in Design, 
Leakless in Operation 


Cis “O” Ring Mechanical Seals are made with a mini- 
mum of parts. This simplicity of design affords easy manufacturing 
adaptability of a Garlock “O” Ring Seal to withstand any liquid, 
whether mild, harmfully corrosive or extremely hazardous, on 
rotating pump shafts. The Garlock “O” Ring Balanced Seal will 
hold pressures up to and over 1000 p.s.i. 

The “O” rings are available in “Teflon,” Buna-N, Neoprene or 
Silicone. The metal parts contacting the liquid are available in any 
suitable metal. 

On centrifugal pumps handling chemicals, petroleum products, 
edible liquids, pulp liquors, and many other liquids Garlock “O” 
Ring Mechanical Seals are giving outstanding service. 

For positive sealing, easy installation and trouble-free service 
use Garlock “O” Ring Mechanical Seals on your rotating pump 
shafts. Write us about your sealing problems or contact your 
Garlock representative. 


THE GARLOCK PACKING 
COMPANY 
PALMYRA, NEW YORK 


In Canada: ‘N ¢ 
The Garlock Packing Company J d A 


of Canada Ltd., Toronto, Ont. 


PACKINGS, GASKETS, Oil SEALS 
MECHANICAL SEALS 
RUBBER EXPANSION JOINTS 
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H & R Industries... 

Handy & Harman.. 

Hannifin Corp. 

Hansen Mfg. Co., Inc... 

Harper Co., ~~ M... 

Hart Mfg. 

Haydon Co., w. 

Haynes Stellite Div., 
Carbide & Carbon Corp. 

Heim Co. 

Heli-Coil Corp. 

Helipot Corp. 

Herbrand Div. of the Bingham. 
Herbrand Corp. . 

Hoover Ball & Bearing Co.. 

Howard Industries .. 

Hyatt eaten Div., General 
Motors 

Hydreco Div. of N. Y. Airbrake 
Co. 45 


International Business Ma- 
chines , . 442 

Imperial Pencil ‘Tracing Cloth 412 

Improved Seamless Wire Co.. 

Indiana Gear Works 

Industrial Timer Corp. 

International Nickel Co., 


International Packings Corp.. 
— Varnish & Insulator 


James Gear & Mfg. Co., D. O. 255 
Johns-Manville Corp. (indus- 
trial Friction Materials).... 397 
Heavy-duty ‘“‘Backhoe"’, manufactured by Johns-Manville Corp. 
Ottawa Steel Products, inc., Ottawa, Kansas, ings) .. ee a 
digs trenches and square holes up to 36” wide Johnson Bronze Co. 389 
x 81,’ deep. Hydroulic-actuated ‘‘elbow'’ reaches Johnson Machine Co., Carlyle 263 
out over 15’, can swing in are of 130°. Four 
operations ore handled by two control levers. 


Kaydon Engineering Corp..... 239 
Ketay Mfg. C 91 


: : . “ ” , . , . Kold-Hold Mfg. Co 
With the ingenious Ottawa “Backhoe”, ditch-digging is a Koppers Co., inc., Plastics Div. 403 


. " : . Ko & Bros., Inc., 
cinch. This device was built for speed, accuracy and en- cone ly aaa 


durance in digging square holes, trenches, ditches, 
graves on level or hilly terrain. Its power is hydraulic, niet ‘in 

° . ake emica ° 
co-designed by Ottawa and Hydreco engineers. The Too Diente Go 


complete system consists of: “as — 
7 a ine oa afte Lapeer Mfg. Co. = 
j , swing j : ion jacks aSalle Stee! Co 
, en swing jacks ‘ operation jacks, eae hale On - 
rec ump, an Lear, Inc., Grand Rapids Div.. 
Y — P , Lebanon Steel Foundry 2 
2 Hydreco control valves. Libbey-Owens-Ford Glass Co., 
Fiber Glass Div a4 
Let Hydreco engineers work with you on hydraulic control a eating Co 
problems for your equipment. Write for folder on Hydreco Link Belt Co.. il, 13, 38-39, 50; <3 
Pumps, Motors, Valves and Cylinders. eB ye | *Co., Ine... 
Lord Mfg. Co 
Lovejoy Flexible Coupling Ci 
Lubriplate Div., Fiske 
Refining Co. 
ee Spencer Div. Avco 
Mfg. Co 





ros. 


McGill Mfg. Co., Inc 

McGraw-Hill Book Co., Inc... 

M-B Products 

Madison-Ki 

Mahon Co.., 

Malayan Tin Ye 

Mallory & Cc., Inc., P. R....4 

Manhattan Fubber Co 

Manheim Mfg. & Belting Co... 

— Electrical Instrument 
o. 


267 
. Marsh Co., C. W 
2 A DIVISION OF Marsh Instrument Co 3 
THE NEV’ YORK AIR BRAKE CO. | Massachusetts Gear & Tool Co. 422 
Master Electric Co. (Speed- 
one = | master) 3rd Cover 


1112 EAST 222nd STREET © CLEVELAND 17, OHIO LN 
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Maurey Mfg. Corp 375 ir A SILENT 


Metals & Controls” Corp., | Gen- 


eral Pilate Div.... = z 
Stated” Contras” Gore. , CHAIN DRIVE 
Spencer Thermostat Div.... 66 ‘ . 
Metron instrument Co 
Micro Switch Div. Minneapolis- 
Honeywell Regulator Co.... 
Midiand Industrial Finishes Co. 
Midiand Stgel Products Co.... 
Midwest Molding Mfg. Co..... 
Miller Motor Co 
Mills Corp., 
Miniature Precision 
Inc. 
Minneapolis- Honeywell Regu- 
lator Co., Industrial Div. : 
Minnesota Mining & Mfg. Ce... 
Monsanto Chemicai Co. 
Moraine Products Div. General , - : 
Motors Corp. .... >» One of six Ramsey Chain Drives on the 


ar Uateen Ole Gestion tines presses of a large New York City news- 


Muetier Grace Co. 245 paper, successfully meeting daily peak de- D) 
Mycalex Corp. of America mands in speed and continuous operation. 4 


National Acme Co. 

National Lead Co... 

Nationa! Lock Co... 

National Malleable & Steel 
Casting Co. 

National Motor ‘Bearing Co., 
Inc. 


National Screw & Mfg- e 4 
National Tube Div. U. $ Steel 
National Vulcanized “Fibre Co. 
Naugatuck Chemical Div. or 


U. S. Rubber Co.... 
Newark Wire Cloth Co. 


ae e 
- | a reare Div. Gen. 

aoe moothn roller 

soar ampebire Ball Bearings, 

Inc. 

New Jersey Zinc Co.. ; 

Nicholson & Co., W. H. 


Norgren Co., C. A ° ° ° . ° 
8 You get far more than silence in a drive like this. 


: is'® Gentine Go... a You get a smooth flow of power, due to the patented roller bearing 
dh SPOT an joint (above right), built into every link of a Ramsey Chain. No mat- 


Ohmite Mfg. Co = - : 
Sema tale Waaiins Ss. tan. ter how heavy the load, or how fast you run it, you get freedom from 


Oregon Lumber Co... oc. cr. ; » : 
Ortman Miller Machine Co..... friction in the Ramsey Chain. 


Ramsey joint action cuts down heat generated at high speeds usu- 


Painut Co. - ally found in conventional chain joints; reduces wear and, gives long 
Parker Appliance Co... : "a . ' 
Parker-Kaion Gorp. ...--.-52, chain life. You get more power, too, because a smooth running Ramsey 
Parker Rust Proof Co......... 8 — 2 ° ‘ ’ 
Patton-MacGuyer Co. ; Chain transmits ALL the power—does not consume it. Moreover, you 
Perkins Machine & Gear Co.. ° ° ° ° . . » 8 . 
Pesco Products Co. Borg get a chain drive unlike any other make, in that its anti-friction features 
Warner Corp. oa ° es ° . . 
Pheoll Mfg. Co 52, 350 permit the use of only a minimum of lubrication. Oil pumps and 
Pioneer Pump & Mfg. yess ° 
Pittsburgh Plate Glass, Fibre slingers are unnecessary. 
lass 
Plastic Ressareh Products, 
egg Corp. + ° 50 ‘% 
ope Machinery orp. 
Frederick Post Co.. FREE APPLICATION MANUAL FOR ENGINEERS 
Precision Rubber Products 
aoe. danincetinn Sas This 60 page book gives you the range and scope of Ramsey Silent 


PUPS SHSES CO We..... Chain Drives—tells you how to work out applications and includes the 
necessary data on chains, sprockets and pinions. Write for a copy 
Quaker City Gear Works today. 


RBM Div. Essex Wire Corp... 302 

~~ Hydraulics & Ma- : 
’ ° ve 

mM eee rs . SILENT CHAIN DRIVES — FLEXIBLE COUPLINGS 

Randall Graphite Bearings, Inc. 412 oP) 


ag anhattan, inc. 46-47 


quipment Sales Div. . 
Manhattan Div. “9 
Packings Div. wey 

Reeves Pulley Co. .. 62-63 ; 
Reliance Electric & Engineer. | 
‘ 79 234 


ing Co. 


CHAIN COMPANY, INC. 


ee © mee wee. es . ee ee, ee ee, ee 


(Continued on 460) 
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CAP SCREWS Republic Stee! Corp., Bolt and 
Diagonal Knurl"’ heads Div. 7 
—a Triple-Ess exclusive—end Republic Stee! Corp. 


, finger fumbling in hand R = —_ 
assembly. Precision Class 3 fit. — 
Revere Copper & Brass, inc. 2, 


Revere Corp. of America 
Reynolds Metals Co. 
iv 


a a rn 


FEL, Re 


~ a Ramer 


Reynolds Wire 
Standard Co. 


, : 48 
Rigidized Metals Corp.. 
; Riverside Mfg. & Electric Sup- 
ply Co 2 
3 


STRIPPER BOLTS Robertshaw- Fulton 

. . 4 Co. 

Accurately ground body Rochester Products Div. Gen. 
diameters, undercut to permit Motors Corp. SBS. 
tightening flush to shoulder. Rockford Clutch 


Stronger, longer wearing. Warner Corp. 
Rockford Screw Products Co. 


Rockwood  geneved Co. (Ball 
Valve Div.) ... 355 

Roller Bearing Co. of America ioe 

Roper Corp., George D 

Ross Operatin Valve Co.. 

Roth Rubber 

Ruthman Machinery Co 


FLAT HEAD 
CAP SCREWS : 
Flush-type for use with SKF Industries, Inc...... 
countersink. Tamper-proof, Safety Socket Screw Co.. 
eliminate stripped slots. Sauereisen Cements Co 
Precision Class 3 fit. a Hh 
chrader’s Sons, 
Scintilla Magneto Div. Bendix 
Aviation Care. Elect. Conn. 538 
Scovill Mfg. 
Screw Ressareh Assoc 


SOLD ONLY THROUGH Boourity Loohnut assesses 
Servo Speec, inc. 


on i 
<2 


REFS eee 


AUTHORIZED . 
INDUSTRIAL DISTRIBUTORS Soeetens Clock Co., “Tynl Switch , 
Sewall Mfg. 

PIPE PLUGS Shakeproof, Inc. 

No protruding Sharon Steel Corp 

heads. Precision Shenango-Penn Mold Co 
Sherwin-Williams Co 





threads ass 
excellent canek Simmons Fastener Corp..... 

Sisenis ee on nay = re > _— Div., 

o kinner uck 
close tolerances. Skinner Purifiers Div. Bendix P 
Aviation 

Smith Corp., A. O. Motor Div. 
Soreng Products Corp 
Southern Friction Materials Co. 
Southington Hdw. Mfg. Co.. 
Sponge Rubber Products Co.. 
Square D Co 
Staedtier Co., J. S 
Standard Horse Nail Co 
Standard Pressed Stee! Co..104- 105 
a ye Stamping & Perforat- 264 


ng Co 
Star- Kimble Motor Div., —— 
ne Press & Mfg. Co... 260 
Sterling Bo 52 
Stewart Warner Corp. 
a mite) Cacti 
tewart astin 
SET SCREWS Stewart Warner Corp 
eae Screw Products, 


alm" SOCKET SCREW Superior Steei Corp. 


equals or exceeds diameter. Superior Tube C 
Sweet's Catalog Service.... 


Six point styles. i 4 0 D HT C T S Synthane Corp. 


s 
if Taylor- Ninfield Corp. 
SOCKET SCREWS Actual cross-section phot Thiokol Corp. 268 
EXCLUS! : pnere Thomas Flexible Coupling. Co.. 264 
VELY! aii shows how cold forming of Blue Timken Roller Bearing Co. 
Devil socket head insures (Industrial) 4th Cover 
Timkin Roller Bearing Co. 


| unimpaired fiber continuity. (Steel & Tubes) 





Tinnerman Products 
Titchener & Co., E. 
Torrington Co. (Needle Bear- 

ing) ; 
Transicoil Corp. 


Tuthill Pump Co.. 
FETYy Twin Disc Clutch Co. 


6504 Avondale Avenue, Chicago 31, Illinois 
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Union Carbide & Carbon Corp. 
Bakelite Company 91, 
Haynes Stellite Company.... 
. S&S. Electrical Motors, 


. S. Gasket Co 

. S. Graphite Co 

- S. Rubber Co 

- S. Steel Co 

. S. Steel Export Co 
Universal Clay Products Co... 
Universal Drafting Machine Co. 
Utica Drop Forge & Tool Corp. 


Van Cleef Bros., Inc 
Van Huffel Tube Corp 
Veeder-Root, inc. 
Vickers, Inc. 

Viking Pump Co 
Vulcan Electric Co. 





Wagner Electric Corp large-scale . 

Waldes-Kohinoor, Inc. 

Wales-Beech Corp. Br readily available during shortages. Con your 
Ward Leonard Electric Co...30- 4 of wire? Ask Titchener. 

Waterman Engineering Co.... 330 4 

Weckesser Co. .....eeescecees 376 
Weliman Co., S. K 335 


Well Bronze & Aluminum 

ae 1) Wanted Substitute for Casting 
Western Felt Works. ye ‘ y 
Westinghouse Electric A > «= : ' \ Compony 8, « stove manufacturer, was 


-25, \ 
Wheeler Insulated Wire Co.... 354 ‘ — ° | with breakage of its cost iron burner grates. 
White Dental Mfg. Co., S. S... 384 f \ - Titchener. This Titchener 
Winchester Electronics, Inc... 406 15 Wy owe t f 
Wisconsin Motor Corp ~ Fs 
Wolverine Tube Div., Calumet 
& Helca, 
Worthington Corp. 
Drive 
Wrought Washer Mfg. Co..... 
Wyman-Gordon Co. .......65. 


Mae? OO.. .0.csdennsbadasesen 334 


Zenith Carburetor Div., Bendix 
Aviation Corp. 40 


PROFESSIONAL SERVICES ... 452 


SEARCHLIGHT SECTION 
(Classified Advertising) 
H. E. Hilty, Mer.) 


EMPLOYMENT 


Positions Vacant ............449-452 
Positions Wanted .. ssegence Gn 
Selling Opportunities Wanted.... 452 
Employment Services . 


SPECIAL SERVICES 


Contract Work 


@ Plating 2 - 
Send us yo ur ge 
Advertisers’ Index startson 456 Confident: 


Product Index starts on... 453 E. H. TITCHENER }: a oF © 


103 CLINTON ST. BINGHAMTON, N.Y. 
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*» *FROZEN MERCURY INVESTMENT CASTING 


MERCAST  Buttonholes 


a? 


UTTON A GENERATOR on or off of an airplane? cast. Complete inspection by Alloy assures customers 
Westinghouse does! And at a reported time saving top quality and accuracy. 


of up to 8 man-hours per plane! 


Mercasting made the Westinghouse generator mount 


The ingenious new Westinghouse generator mount- _idea a reality. Send details about your “impossible” or 
ing bracket employs “buttonholes” that permit the “too costly” jobs today! Learn how Alloy Precision can 
assembly to be quickly slipped on or off over headed save you time and money with designs for mercasting. 


studs on the airframe. For practical produc- 
tion of this unit, a one-piece precision casting 
to close dimensional and surface tolerances 
is the economical answer. This casting, how- 
ever, is much larger than can be produced by 
ordinary investment casting processes. 


Westinghouse brought the problem to 
Alloy Precision Castings Company. Engineers 
and metallurgists at Alloy developed the 
illustrated 6 lb., 62 inch diameter mercasting 
in 410 stainless. Critical tolerances are held 
to +.003”/inch. Very little finish machining 
is required and the “buttonholes” are used as 


ALLOY PRECISION 


A 6298 


ALLOY PRECISION CASTINGS COMPANY, DEPT. C-2 
45th and Hamilton, Cleveland 14, Ohio 


Please RUSH Bulletin 706 describing the 
Mercasting Process. 


NAME 





TITLE 
COMPANY. 
ADDRESS 

city 
ZONE 

















EAST 45'h ST. AND HAMILTON AVE. CLEVELAND 14, OHIO 
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\them the RIGHT horsepower, the RIGHT shaft speed in one compact 





When ITE Circuit Breaker Co. found it necessary'to build their own 
rolling mill to get relatively small quantities of extremely accurate 
strip, they were confronted with the problem of securing compact 
drive units for the rolls, each pair of which must operate at different 


speeds. They found as many others have, that from Master's broad . i 


iline of Gearmotors they could select standard units which would give 


unit that they could use RIGHT where they wanted it. 
Probably you will never design a rolling mill. But the next time you 
need motor drives for your - 

‘ os 
plontor product. remember =o fF UGH problem... easy solution 
that Master Motors, available “ho : 
in thousands and thousands of types and ratings, give you a selection 
you can get nowhere else. 

Open, englosed, splash proof, fan-cooled, explosion proof . . . 
horizontal or vertical . . . for all phases, voltages and frequencies 
., in single speed, multi-speed and variable speed types . . . 
with or without flanges or other special features . . . with 5 types 
of gear reduction up to 432 to 1 ratio... with electric brakes , \* 
. with mechanical variable speed units . . . and for every type 
of mounting . .. Master has them all and so can be completely 
impartial in helping you select the one best motor drive for YOU. 
Select the RIGHT power drive from Master's broad line and you 
can increase the galeability of your motor driven products 


improve the economy and productivity of your plant equipment. ' ; . a ‘ 






THE MASTER ELECTRIC COMPANY * DAYTON 1, OHIO 
an \ \ 


» Y 


oe 


Sea-going lathe has sea legs for steadiness 
e+e TIMKEN’ bearings for precision 


HIS new Springfield shockproof 

lathe is especially designed for 
high precision machine work while 
bolted to the deck of a naval vessel at 
sea. It has a radically different struc- 
ture and special “sea legs’’that prevent 
it from weaving when the deck flexes 
and enables the machine to withstand 
the severe shock of near misses 
and other combat-incurred stresses. 
Spindle rigidity and accuracy, essen- 
tial for high precision work on 
land or sea, is maintained with 
Timken” precision tapered roller 
bearings. 


SPRINGFIELD MACHINE TOOL COMPANY 
mounts the spindle of its Model SP 
shockproof lathe on Timken bear- 
ings to assure spindle rigidity and 
accuracy. 


i? & 
iM 


a 


ad 
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NOT JUST A BALL ( ) NOT JUST A ROLLER 


THE TIMKEN TAPERED ROLLER 


Timken precision bearings are 
especially designed for spindle appli- 
cations. Run-out tolerances can be 
held to a maximum of 75 millionths 
of an inch. The tapered design of 
Timken precision bearings enables 
them to take both radial and thrust 
loads in any combination, holds spin- 
dies rigid and permits pre-loading to 
any desired degree to prevent chatter. 
Tapered design also makes Timken 
precision bearings easy and less cost- 
ly to assemble (bench assembly is 
possible), and eliminates the need 
for special thrust bearings. 


24 A f 


KEN 


BEARING TAKES RADIAL 


ail aos 


TAPERED ROLLER BEARINGS 


AND THRUST 


For the past 25 years, Timken pre- 
cision bearings have been an im- 
portant factor in the development of 
precision machine tools. Next time 
you buy or build a machine tool, be 
sure it’s equipped with Timken pre- 
cision tapered roller bearings. Always 
look for the trade-mark “Timken” 
stamped on every bearing. The Tim- 
ken Roller Bearing Company, Canton 
6, Ohio. Canadian Plant: St. Thomas, 
Ont. Cable address: ‘“‘TIMROSCO”. 


ies 


This symbol on a product means 
its bearings are the best. 





s DESIGN LEADERSHIP 
4 The first Timken tapered roller 
bearing was produced in 1898. 
Since then the one-piece multiple 
perforated cage, wide afea contact 
between roller ends and ribs, and 
every other important tapered 
roller bearing improvement have 
been introduced by The Timken 
Roller Bearing Company. 

_o- Timken Company leads in: 
. advanced design; 2. precision 
OE ane 3. rigid quality con- 
trol: 4. special analysis steels. 


1c 


LOADS OR ANY COMBINATION 





